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A presente tese centra-se na análise da adaptação entre falantes em diálogos espontâneos
em Português Europeu (PE). Esta adaptação, também designada por acomodação, sintonia
ou mesmo sincronismo (do inglês entrainment), tem sido descrita como a capacidade de os
seres humanos se ajustarem, tanto a nível comportamental como discursivo, ao seu interlocu-
tor (Brennan and Clark, 1996; Beňuš, 2014a). Esta estratégia tem sido estudada sob diversas
perspetivas, quer para compreender quais os mecanismos linguísticos, psicológicos e sociais
(Levitan et al., 2012; Beňuš, 2014a) que a motivam, quer para replicar este comportamento,
tipicamente humano, em sistemas de diálogo automáticos (Levitan, 2014; Hoegen et al., 2019).
Estudos recentes sobre adaptação entre falantes em diferentes situações comunicativas têm
mostrado a importância desta estratégia na resolução de tarefas específicas (e.g., diálogos em
formato map-task, jogos colaborativos) e em sessões de terapia (e.g., terapia conjugal; sessões
de aconselhamento sobre droga e linhas SOS anti-suicídio).
Nesta tese, as semelhanças acústico-prosódicas entre falantes são analisadas ao nível do
diálogo (adaptação global) e em tomadas de palavra intercaladas (adaptação local), tendo em
conta variáveis sociais, como o papel desempenhado pelo falante no diálogo ou a familiari-
dade entre falantes. A nível local, verifica-se também se a adaptação entre pares de enunciados
contíguos produzidos por falantes distintos varia de acordo com os tipos de frase (como, por
exemplo, uma declarativa seguida de uma interrogativa ou quando ambas são declarativas ou
interrogativas), bem como com a presença no início do segundo enunciado de estruturas muito
frequentes em fala espontânea, tais como marcadores discursivos (e.g., agora; bem; bom; por-
tanto; então), disfluências (pausas preenchidas, sobretudo aa e aam); repetições enfáticas (sim,
sim, sim), constituintes afirmativos (sim; exacto; certo) e negativos (não; eu não tenho) e estruturas
ambíguas (palavras que tanto podem ser marcadores discursivos como constituintes afirma-
tivos, como pronto e ok). Para efetuar esta análise local, foi necessário um estudo mais apro-
fundado dos marcadores discursivos nos corpora disponíveis. As marcas de pontuação, que
delimitam constituintes similares a frases (sentence-like units, SUs), as disfluências e até os con-
stituintes afirmativos já haviam sido estudados em diversos trabalhos em fala espontânea em
PE (Batista, 2011; Batista et al., 2012a; Moniz, 2013; Moniz et al., 2015; Cabarrão, 2013; Cabarrão
et al., 2016). Por outro lado, a literatura sobre marcadores discursivos em dados de fala espon-
tânea ainda é pouco exaustiva, na medida em que a maioria dos estudos se centram na análise
das funções pragmáticas destas estruturas em textos escritos.
O estudo dos marcadores discursivos visa não só contribuir para uma análise mais com-
pleta da adaptação local entre falantes (através dos exemplos destas estruturas em posição
inicial), mas também para a descrição prosódica destas estruturas em fala espontânea em
diferentes corpora, nomeadamente aulas universitárias e diálogos em formato map-task. Con-
siderando o facto de marcadores e disfluências serem descritos na literatura como estruturas
paralinguísticas que partilham algumas propriedades (Liu et al., 2006; Goldwater et al., 2010),
e ainda o facto de ambos serem considerados na adaptação local, pretendeu-se aferir também
se estas estruturas se distinguem prosodicamente. Como tal, foi realizada uma tarefa de clas-
sificação automática multiclasse para determinar, com base nas propriedades prosódicas das
palavras, quais as que são marcadores discursivos, quais as que são disfluências e quais as que
são SUs.
Os resultados mostram que a seleção de marcadores discursivos depende do corpus e do
falante. No mesmo corpus, existem falantes que tendem a utilizar o mesmo marcador e outros
que variam entre diversas estruturas. Apesar de existir variação por corpus, também se observa
que os marcadores mais frequentes são semelhantes em ambos os corpora. As experiências den-
tro do mesmo corpus (in-domain), em que o conjunto de treino e de teste correspondem a dados
selecionados aleatoriamente a partir dos mesmos dados, mostram uma exatidão na classifi-
cação de 87% nas aulas universitárias e de 84%, nos diálogos. As pistas acústico-prosódicas
GeMAPS e, especialmente, as eGeMAPS, parâmetros comummente utilizados em tarefas par-
alinguísticas, obtiveram um bom desempenho nos dados. Os resultados sugerem que os mar-
cadores em posição inicial são geralmente mais fáceis de identificar do que as disfluências.
Para testar a robustez do sistema de classificação entre corpora, realizou-se uma outra exper-
iência com dados de um corpus para treino e do outro corpus para teste e vice-versa. Tal como
expectável, os valores obtidos nesta tarefa são mais baixos (em cerca de 11% a 12%) do que uti-
lizando os mesmos dados para treino e teste. Ainda assim, as melhorias obtidas face à base de
comparação em ambos os corpora mostram que esta classificação pode ser utilizada em dados
fora do domínio. De forma a perceber o impacto de cada pista acústico-prosódica na distinção
entre marcadores e disfluências, foi efetuada também uma análise às pistas mais relevantes em
ambos os domínios. As pistas relacionadas com a frequência fundamental (f0), nomeadamente
declives de f0, são as mais relevantes na distinção entre estas estruturas. No geral, apesar da com-
plexidade desta tarefa, os resultados são muito encorajadores para a classificação automática
multiclasse.
No que diz respeito à análise de adaptação global entre falantes, os resultados evidenciam
adaptação acústico-prosódica, embora expressa em diferentes graus: os falantes não se adap-
tam sempre aos mesmos interlocutores e seguindo as mesmas estratégias acústico-prosódicas.
Os resultados mostram que os falantes são mais semelhantes aos seus interlocutores do que ao
seu próprio discurso noutros diálogos (cada falante participa em quatro conversas, duas como
dador e duas como seguidor) na maioria dos parâmetros acústico-prosódicos, nomeadamente
f0, duração e qualidade de voz, sendo a energia o único parâmetro inalterado. Já na com-
paração entre pares e não-pares, esta adaptação verifica-se maioritariamente em parâmetros
de duração. Este estudo mostra também que os principais parâmetros prosódicos (f0, energia,
duração e qualidade de voz) são monitorizados no processo de adaptação entre falantes, evi-
denciando um resultado para o PE que se diferencia dos obtidos para o Inglês e o Mandarim
(Levitan, 2014). Nestas línguas, observa-se adaptação global entre interlocutores principal-
mente em pistas de energia, quer na comparação com não-pares, quer com o mesmo falante
noutro diálogo. Quanto ao papel desempenhado, observa-se que cerca de metade dos falantes
é mais consistente no seu discurso enquanto dador, mostrando menos adaptação ao interlocu-
tor, e a outra metade como seguidor. Tal pode dever-se ao facto de se tratar de um diálogo
colaborativo, em que os falantes trabalham em conjunto para ser bem-sucedidos na tarefa de
chegar ao destino final no mapa. Estes resultados permitem também equacionar o facto de a
adaptação entre falantes estar mais relacionada com o interlocutor, a sua postura e personali-
dade, do que com o papel desempenhado no diálogo.
Os resultados obtidos quanto à adaptação local, sem considerar os tipos de frases ou estru-
turas específicas, revelam que os falantes são mais semelhantes entre enunciados contíguos do
que entre não contíguos nos quatro parâmetros prosódicos: f0, energia, duração e qualidade de
voz. Estes resultados não estão de acordo com uma análise similar para o inglês (Levitan, 2014):
os falantes adaptam-se nos enunciados contíguos nos parâmetros média e máximo de energia e
harmonics-to-noise-ratio (HNR), mas não em pistas de f0. Esses resultados permitem colocar a
hipótese de que pistas como energia podem ser independentes da língua, pelo menos em cor-
pora semelhantes, mas não os parâmetros de f0. As experiências realizadas até ao momento
mostram assim que o comportamento acústico-prosódico da adaptação local em PE abrange
não só pistas de energia mas todos os outros parâmetros prosódicos.
Considerando a adaptação entre diferentes tipos de SUs, os pares pergunta-resposta são
aqueles com maior semelhança na maioria dos parâmetros analisados, f0, energia, duração e
qualidade de voz, sendo os pares declarativo-interrogativo aqueles nos quais ocorre menos adap-
tação. Estes resultados já eram expectáveis, dada a natureza colaborativa do corpus. Quanto
aos subtipos de interrogativas nos pares pergunta-resposta, existem maiores evidências de
adaptação com perguntas Sim-Não e Tags do que com perguntas parciais. Em PE, as per-
guntas Sim-Não e Tags compartilham um contorno alto/ascendente por oposição ao contorno
baixo/descendente associado a perguntas parciais e a declarativas neutras. Além disso, as
perguntas Sim-Não não possuem pistas léxico-sintáticas associadas, apenas prosódicas, o que
pode constituir mais uma evidência para a adaptação local encontrada. Importa ainda referir
que os pares pergunta-resposta são a força motriz da natureza dialógica do corpus, constituído
por tarefas muito colaborativas que têm de ser resolvidas em conjunto por dois interlocutores.
Os resultados deste estudo mostram que as estruturas com maior adaptação local são as que
promovem colaboração e reforço positivo, estratégias que contribuem para a fluidez e sucesso
do diálogo. Em linha com o que foi dito para as SUs, há maiores evidências de adaptação lo-
cal com constituintes afirmativos no início do segundo enunciado em enunciados contíguos.
Estes resultados evidenciam, uma vez mais, o esforço colaborativo entre os interlocutores para
resolver a tarefa. Por outro lado, as pausas preenchidas e os marcadores discursivos são as es-
truturas que apresentam menor grau de adaptação. Uma possível explicação é o facto de que,
quando os falantes proferem estas estruturas, estão já a planear o que dizer a seguir.
O trabalho desenvolvido ao longo desta tese visa contribuir para a análise linguística e
automática de tópicos inexplorados na fala espontânea em PE, nomeadamente estratégias de
adaptação acústico-prosódica entre falantes.
Abstract
This thesis focuses on the analysis of entrainment, an adaptation strategy used by speakers
to become more similar to their interlocutors. The main goal of this study is to find acoustic-
prosodic similarities between speakers, considering social variables and different structural
metadata events - types of sentence-like units in consecutive turns, as declaratives and inter-
rogatives, and the presence of discourse markers, affirmative and negative cue words, and
disfluencies, namely filled pauses, in the beginning of turns.
To study the use of entrainment with these events, a special analysis of discourse markers
was performed. Sentence-like units and disfluencies had already been studied in EP spon-
taneous speech, lacking only discourse markers. Experiments were performed using sev-
eral acoustic-prosodic features and machine learning methods to automatically distinguish
between markers, disfluencies and sentence-like units. In-domain and cross-domain experi-
ments showed that, using exclusively acoustic-prosodic cues, markers can be fairly discrimi-
nated from the other events.
The analysis of global and local entrainment in a corpus of map-task dialogues showed
evidences of similarities between speakers in the main prosodic parameters, pitch, energy, dura-
tion, and voice quality, even though expressed in different degrees: speakers entrain in distinct
features with different interlocutors.
Regarding sentence-like units types, question-answer turns present stronger similarity, and
declarative-interrogative pairs are the ones where less entrainment occurs. In question-answer
pairs, there is stronger evidence of entrainment with Yes/No and Tag questions than with
Wh- questions, which may be related with the fact that these subtypes are coded in distinctive
prosodic ways. For turn-initial structures, entrainment is stronger when the second turn begins
with an affirmative cue word; and scarce with disfluencies and discourse markers. The differ-
ent degrees of entrainment may be related with the informative nature of these structures: in
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This study is a contribution to better understand two linguistic aspects of spontaneous
speech in European Portuguese (EP), namely entrainment, an adaptation strategy between in-
terlocutors, and discourse markers, very frequent structures in dialogues, while using auto-
matic tools to process them in a large amount of data.
Entrainment, also known as accommodation or adaptation between speakers in a conver-
sation, has been described as the ability shared by humans to adjust their speech and behavior
to their interlocutors (Brennan and Clark, 1996; Giles et al., 1987). This strategy has been largely
studied in languages such as English, Mandarin Chinese, and even Slovak, but in EP this topic
is just starting to be explored. To the best of our knowledge, our study is the first one to inves-
tigate entrainment in spontaneous speech in EP and aims to characterize the acoustic-prosodic
similarities between speakers. Our main goals are to analyze if there are evidences of global
(per dialogue) and local entrainment (turn-by-turn) in the dialogues, and in which acoustic-
prosodic features. Moreover, we also aim at verifying if entrainment varies according: (i) to the
role played by the speakers in the dialogue, giver or follower; (ii) to the gender of the speakers,
since there are female-female, male-male, and mixed-gender pairs in the corpus; or (iii) to the
speakers themselves, namely if the participants tend to entrain with the same partners. Con-
sidering these social variables, we aim to verify if entrainment can be characterized by distinct
sets of features, and then compare our results with other languages and in different domains.
Regarding local entrainment, we also aim to examine how turn-by-turn acoustic-prosodic
similarities vary with distinct structural metadata events. These are defined by Liu et al. (2006)
and Ostendorf et al. (2008) as encompassing: (i) Sentence-like Units (SUs), corresponding to a
sentence boundary, as either a comma, a full-stop or a question mark; (ii) disfluencies, meaning
repetitions, deletions, fragments, filled pauses, substitutions, insertions, and editing terms (for
a more detailed description of the disfluency typology, see Moniz, 2006, 2013); and (iii) dis-
course markers (such as actually, now, anyway, so, I mean, well, like, okay). Our main goal is
to understand if speakers tend to entrain more with specific types of SUs in consecutive turns
(e.g. interrogatives followed by declaratives, or both declaratives), and with the presence of
discourse markers, and disfluencies, specifically filled pauses, in the beginning of turns. More-
over, we also aim to analyze other structures that are very frequent in spontaneous speech in
this position, such as affirmative cue words (e.g., yes; exactly; ok), including grunts, such as
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humhum and hum, and negative cue words.
Out of the structures included in structural metadata events, a special attention will be
paid to the analysis of discourse markers. According to Schiffrin (1988), discourse markers are
linguistic expressions that act as multifunctional devices to delimit units of speech, are syn-
tactically detachable, and have a range of prosodic contours. The literature available in EP
regarding discourse markers in spontaneous speech is very scarce, as most studies focus the
pragmatic functions of these structures in written texts. Moreover, turn-types (SUs), disfluen-
cies, and affirmative cue words have already been studied in the corpora used in this thesis
(Batista, 2011; Batista et al., 2012b; Moniz, 2013; Moniz et al., 2015; Cabarrão, 2013; Cabarrão
et al., 2016), lacking only discourse markers to complete the set of structural metadata events
in our data. In this study, we aim to identify the most frequent discourse markers, observe
their distribution per speaker and across domains (lectures and dialogues), and also distin-
guish them from other metadata events already analyzed, namely disfluencies and structures
that are neither markers nor disfluencies (SUs). The experiments conducted to study discourse
markers in EP are a topic of interest per se in a linguistic perspective. Nonetheless, our goal
is to identify distinctive acoustic-prosodic features between structural metadata events, so that
we can understand their behavior in EP, specifically how they influence entrainment between
speakers at turn-exchanges.
Therefore, our analysis comprises three main steps: (i) understand the importance of dis-
course markers in EP dialogues and distinguish them from other structural metadata events;
(ii) identify and measure entrainment cues displayed in the dialogues (both global and local),
and (iii) verify if entrainment is influenced by the presence of different structural metadata
events.
Chapters 2 and 3 correspond to a brief overview of state-of-the art about the two main
topics of this work: entrainment and discourse markers, respectively. Entrainment is studied
to understand the underlying linguistic, psychological and social mechanisms, as well as to
replicate this typically human behavior in automatic systems.
Chapter 3 focuses on structural metadata events, in general, and discourse markers, par-
ticularly. There is a vast amount of work on identifying structural metadata events, given
their relevance to enrich the output of speech recognition systems, namely to recover sentence
boundaries, disfluencies and discourse markers (Liu et al., 2006).
In Chapter 4, Corpora description and annotation, we describe the data, namely two spon-
taneous speech corpora of map-task dialogues (CORAL corpus, Trancoso et al., 1998) and uni-
versity lectures (LECTRA corpus, Trancoso et al., 2008), and a written corpus of tweets. Then,
for dialogues and lectures, we also present the automatic transcripts enriched with manual
annotations used to extract the acoustic-prosodic features for the structural metadata events
analyzed.
In Chapter 5, we explain the process used to collect the discourse markers in the corpora,
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present the sets of acoustic-prosodic features used to characterize discourse markers, as well
as the set of machine learning experiments aiming at automatically distinguishing between
discourse markers, disfluencies, and SUs, using acoustic-prosodic features.
In Chapter 6, we present the results of a cross-domain analysis of discourse markers. Here,
not only we aim at describing the acoustic-prosodic properties of discourse markers in our
data, but also make an attempt to classify and discriminate discourse markers from disfluen-
cies and SUs. Building upon previous results for EP, we expect that incorporating discourse
markers in the enriched transcriptions will also contribute to: (i) further improve the output
of the recognizer; (ii) discriminate between different metadata events, which can share similar
acoustic-prosodic properties; and (iii) shed light on the prosodic patterns of discourse mark-
ers in EP, thus contributing for their identification and modeling in spoken dialogue systems.
We also expect that the inclusion of discourse markers in the language models for EP will im-
prove the available enriched automatic transcription models and will contribute to the holistic
characterization of the structural metadata events as a whole.
Chapter 7 presents the sets of acoustic-prosodic features used to analyze entrainment per
dialogue, at turn-exchanges, and with structural metadata events (target structures). Our anal-
ysis focus on a wide set of features that have already proved to be effective in studying both
metadata events and entrainment in American English, namely f0, energy, duration, speaking
rate, and voice quality.
In the next two chapters, we aim at presenting the results achieved for entrainment. Chap-
ter 8 presents the results for global and local entrainment. Our main goal is to examine the
acoustic-prosodic similarities between speaker pairs, namely if there are global entrainment
cues displayed in the dialogues, if entrainment is manifested in distinct sets of features shared
amongst the speakers, if entrainment depends on the role of the speaker, as either giver or
follower, and if speakers tend to entrain more with specific interlocutors regardless of the role.
In Chapter 9, we perform a joint analysis of entrainment with structural metadata events.
Here, we analyze how turn-by-turn entrainment varies with types of SUs in consecutive turns,
and with the presence of discourse markers, affirmative and negative cue words, and disfluen-
cies in the beginning of the second turn.
This study adopts an acoustic-prosodic approach to identify the properties of discourse
markers, allowing to distinguish them from disfluencies and SUs; to verify if speakers adjust
their behavior to their interlocutors, but mainly to see if entrainment at turn-exchanges is more
prone to occur with specific structural metadata events. We expect to specify in which events
speakers tend to entrain more and in which features, so that we can also predict and model that
behavior in spoken dialogue systems.
Finally, conclusions and possibilities of future work are presented in Chapter 10.
A note to our reader. Much of the work presented in this thesis was already published
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in international and national peer-reviewed publications or was presented as peer-reviewed
presentations. Therefore, the majority of the chapters are a direct reflex of those articles. For
sake of clarity and ethics, we will list the publications and presentations integrated in this work:
1. Cabarrão, V., Batista, F., Moniz, H., Trancoso, I., & Mata, A. I. (2019). Adaptação acústico-
prosódica local em Português Europeu. Revista da Associação Portuguesa de Linguística,
(5).
2. Cabarrão, V., Batista, F., Moniz, H., Trancoso, I., Mata, A. I. (2018). Acoustic-prosodic
entrainment in structural metadata events. In Proc. of Interspeech 2018, Hyderabad,
India, pp. 2176-2180.
3. Cabarrão, V., Moniz, H., Batista, F., Ferreira, J., Trancoso, I. & Mata, A. I. (2018). Cross
domain analysis of discourse markers in European Portuguese. In Dialogue & Discourse,
9(1), pp 79-106.
4. Cabarrão, V., Moniz, H., Batista, F., Trancoso, I., & Mata, A. I. (2018). Adaptação acústico-
prosódica entre falantes. Revista da Associação Portuguesa de Linguística, (4), pp. 18-33.
5. Cabarrão, V., Moniz, H., Ferreira, J., Batista, F., Trancoso, I., Mata, A. I., & Curto, S. (2016).
Classificação prosódica de marcadores discursivos. Revista da Associação Portuguesa de
Linguística, (2), pp. 69-75.
6. Cabarrão, V., Trancoso, I., Mata, A. I., Moniz, H. & Batista, F. (2016) Global analysis of en-
trainment in dialogues. In IberSpeech 2016, Springer, vol. 10077, series Lecture Notes
in Computer Science, pages 215-223, doi: 10.1007/978-3-319-49169-1_21, Advances in
Speech and Language Technologies for Iberian Languages: Third International Confer-
ence, IberSPEECH 2016, Lisbon.
7. Cabarrão, V., Moniz, H., Ferreira, J., Batista, F., Trancoso, I., Mata, A. I., Curto, S. (2015).
Prosodic classification of discourse markers. In The Scottish Consortium for ICPhS 2015
(Ed.), Proc. of the 18th International Congress of Phonetic Sciences. Glasgow, UK: the
University of Glasgow.
2State-of-the-art on entrainment
This chapter provides a brief overview of different types of entrainment (e.g., acoustic-
prosodic, lexical, phonetic, social) and, specifically, how acoustic-prosodic entrainment, the
topic of this work, has been studied in different languages, and tackled in computational appli-
cations, as well. We will also review some prosody concepts that will be used throughout this
thesis.
In human-human interactions, speakers naturally converge or diverge in their opinions
and thoughts throughout the conversation, but humans have the ability to adjust their behav-
ior and speech, acting accordingly to the situation (Grice 1975; Giles et al. 1987, 1991; Brennan
and Clark 1996). Cutler et al. (1997) claim that the listeners task to reconstruct a message from
another speaker encompasses recognizing the individual words, extracting their syntactic re-
lationships, determining the semantic structure of the utterance, and relating this structure to
the discourse context. This task comprises multiple cognitive and linguistic processes. For the
dialogue to succeed, it is crucial to understand what is being said and how that content is being
expressed.
2.1 Prosody
In this study, we follow an acoustic-prosodic approach to analyze how interlocutors adapt
their speech to each other, in order to successfully complete a certain task, thus prosody con-
cepts will be a constant throughout this work.
Shattuck-Hufnagel and Turk (1996) define prosody as both acoustic patterns, and their
articulatory correlates, of f0, duration, amplitude, and segmental reduction, and higher-level
structures, namely prosodic constituents (e.g., syllable, intonation phrases, utterances), that
best account for these patterns.
The seminal work of Pierrehumbert (1980), who developed an abstract representation
of English intonation, inspired several other studies to further investigate and describe the
prosodic systems of different languages (e.g., Pierrehumbert and Beckman, 1988; Beckman and
Pierrehumbert, 1986), as well as the role prosody plays in the organizational structure of speech
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(e.g., Bolinger, 1989; Pierrehumbert and Hirschberg, 1990; Hirschberg and Grosz, 1992; Cutler
et al., 1997; Hirschberg, 2003; Ladd, 2008).
The multilinear annotation system ToBI - Tones and Break Indices (Silverman et al., 1998;
Pitrelli et al., 1994) was inspired by the model of tone sequencing by Pierrehumbert (1980), and
by the proposal of Price et al. (1991) to mark the perceived disjuncture between adjacent words.
ToBI is used to describe intonation in different languages, allowing the transcription aligned
with the acoustic signal in four tiers: (i) the orthographic tier; (ii) the tonal tier; (iii) the bound-
ary tone tier; and (iv) the miscellaneous tier. The orthographic tier reproduces the utterance
produced. The tonal tier consists of pitch accents, describing accentuated prominences in the
sound chain that may be associated with a low (L), a high (H) tone or a combination of both
(e.g., H + L *), and boundary tones, describing phrase boundaries, namely an intermediate
phrase (at least one pitch accent and a phrase accent, marked with “-”) and an intonational
phrase (one or more intermediate phrases, marked with “%”). The boundary tone tier is used
to mark the break indices between words (ranging from levels 0 to 4): 0 marks the higher
co-articulation between two consecutive words, corresponding to the strongest link between
words; 1 marks the common link between two connected words within a phrase; 2 marks du-
bious interpretations; 3 comprises intermediate disjuncture levels, as the constituents exhibit
variations of the intonational contour, corresponding, for example, to items in an enumeration;
and 4 corresponds to the maximum level of disjuncture between words. This level is associated
with the end of an utterance, given by strong indexes of temporal rupture, usually silence, and
melodic rupture, namely differentiation of f0 contours. The levels 3 and 4 correspond to the
intermediate and intonational phrase boundaries, respectively. There is also a miscellaneous
tier used for comments, such as silence, laughter, and disfluencies. Figure 2.1. illustrates the
set of pitch accents and final boundary tones covered in the ToBI proposal for EP, Towards a
P_TOBI (Viana et al., 2007).
The relation between prosody and syntactic structures or the semantic/pragmatic interpre-
tation of discourse is not new in the literature (Bolinger, 1989; Pierrehumbert and Hirschberg,
1990; Hirschberg and Grosz, 1992; Cutler et al., 1997; Hirschberg, 2003; Ladd, 2008). Following
their previous proposal (Hirschberg and Pierrehumbert, 1986) of a hierarchical segmentation
of discourse, Pierrehumbert and Hirschberg (1990) showed that different prosodic cues convey
specific types of discourse interpretations: for example high (H) and low (L) boundary tones
can be interpreted by the hearer differently, the first is associated with the notion of openness, as
the speaker suggests that the interlocutor should maintain his/her attention to subsequent ut-
terances, and the latter gives the idea of closure. Hirschberg (2003) also showed that prosodic
variation, such as pitch range, pausal duration, or speaking rate, conveys variations in the
structure of discourse, allowing, for example, the discrimination between different speech acts,
given vs. new information, and topic structures.
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Figure 2.1: Tone system proposal Towards a P_ToBI (the red lines indicate the stressed syllable).
Figure extracted from Mata et al. (2016).
2.2 Acoustic-prosodic entrainment
The main goal of this work is to analyze entrainment, also known as accommodation or
adaptation between speakers. Giles et al. (1991), in the Communication Accommodation The-
ory, describe accommodation as a multiple organized and contextually complex set of alter-
natives that are available to speakers in face-to-face conversations, as a mechanism to achieve
solidarity with or dissociation from a conversational partner. The authors claim that accommo-
dation strategies help to minimize the social distance between speakers.
It is known that entrainment plays a crucial role in solving specific tasks or making a
speaker more likable and attractive to their interlocutor (Beňuš, 2014b; Giles, 2016), as well
as influencing the success of spoken dialogue systems. Recent studies have shown that hu-
mans entrain to computer systems, using similar strategies as in human-human conversations
(Coulston et al. 2002; Levitan 2014; Hoegen et al. 2019). Several studies of people interacting
in different communicative situations have emerged, mainly to understand how they adapt to
each other to solve problems or specific tasks, such as map-task dialogues, card games (Gra-
vano et al., 2014; Levitan and Hirschberg, 2011), marital therapy (Lee et al., 2010), and romantic
relationships (Weidman et al., 2016).
In most studies, entrainment is not analyzed per se but in its implications towards a certain
goal, whether the success of the task (e.g., Nenkova et al. 2008; Reitter and Moore 2014), social
variables (e.g., Chartrand and Bargh 1999; Beňuš et al. 2012; De Looze et al. 2014; Pérez et al.
2016), such as a speaker being liked and appreciated by the interlocutors, or power relations
(e.g., Danescu-Niculescu-Mizil et al. 2012; Beňuš 2014b). Entrainment has also been studied un-
der multiple perspectives: acoustic-prosodic (e.g., Pardo, 2006; Levitan and Hirschberg, 2011;
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De Looze et al., 2011; Gravano et al., 2014; Levitan, 2014), lexical-syntactic (e.g., Ward and
Litman 2007; Nenkova et al. 2008; Lopes 2013; Gruberg et al. 2019), multimodal, via facial ex-
pressions and gestures (e.g., Chartrand and Bargh, 1999; Mol et al., 2012; Oertel, 2016), and
social (e.g., Levitan et al., 2012; Beňuš, 2014b). The present literature review covers some of
these strategies, focusing mainly in acoustic-prosodic entrainment, the topic of this thesis.
For lexical-syntactic entrainment, Nenkova et al. (2008) studied the use of high-frequency
words between conversation partners in the Switchboard Corpus (Godfrey et al., 1992). The au-
thors selected the 25 most frequent words in the corpus (most of them are cue phrases, namely
filled pauses, and affirmative cue words) and examined its frequency of usage from both speak-
ers regarding dialogue naturalness and flow, as well as task success. The results showed that
dialogue naturalness, success and turn-taking coordination are positively and significantly cor-
related with lexical entrainment.
Building on previous studies about multimodal entrainment, namely Skantze et al. (2013)
and Oertel et al. (2015), Oertel (2016) analyzed individual and group interactions based on
nonverbal cues (such as gaze, visual, and prosodic cues, focusing on the listener), in order to
model human-human engagement strategies in multiparty conversations with a virtual agent
or a robot. The author found that prosodic mimicry is correlated with group involvement,
and that the fusion of prosodic and visual cues benefits the prediction of group involvement.
Moreover, results showed that it is possible to model an artificial listener to display different
degrees of attention in the use of backchannel tokens.
Under the acoustic-prosodic perspective, the selected studies also present cross-language
analysis, social factors, and impact on different tasks and situations.
Brazil (1985) described how a speaker adapts the fundamental frequency (f0) of his voice
to that of the interlocutor, thus expressing agreement with what was said. This phenomenon,
designated by the author as pitch concord, is presented later in Whichmann (2000), Wichmann
(2012), and Wennerstrom (2001), also as a strategy to solve conflict situations between speakers.
The power relations between the participants of a dialogue became evident when identifying
the speaker who adapts the fundamental frequency to his/her interlocutor and the one who
maintains its usual register.
Pardo (2006) describes evidences of phonetic proximity between speakers, observing that
the same word produced by two speakers in an interaction had phonetic and prosodic similar-
ities. The author also found phonetic proximity at the beginning and later in the conversation,
meaning that convergence increased over the course of the interaction. Moreover, results also
show that male speakers converged more than females, and givers converged more than re-
ceivers. In a more recent perceptual study (Pardo et al., 2010), the authors confirmed that the
gender pairs and the role of the speaker influenced the degree of phonetic convergence during
the dialogue, as the judgments of phonetic convergence were not related to individual acoustic–
phonetic attributes. The situational factors, such as pair gender, speaker role, and imitator role,
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were the ones with more influence.
The seminal studies of Levitan and Hirschberg (2011) and Levitan (2014) presented several
metrics to analyze acoustic-prosodic entrainment for American English and Mandarin Chinese
in the Columbia Games Corpus (Gravano et al., 2009) and in the Tongji Games Corpus (Xia
et al., 2014), respectively. Both corpora comprise several collaborative games (e.g., card games,
identifying and classifying pictures) between speakers who have never met before. The partic-
ipants cooperate to complete the tasks in order to obtain more points, and consequently more
money.
For English, Levitan and Hirschberg (2011) and Levitan (2014) measured the adaptation
of speakers at a global level, the entire session, and at a local level, turn-by-turn. The authors
describe that speakers are globally more similar to their partners than to their non-partners,
meaning speakers with whom they were never paired with, in mean and maximum intensity,
and speaking rate. The authors also found that speakers are more similar to their own speech in
different sessions than to their partners in mean pitch, jitter, shimmer, Harmonics-to-Noise-Ratio
(HNR), and speaking rate. Locally, speakers are more similar at adjacent turns than at non-
adjacent ones in intensity mean, max, and HNR, even though they do not match in speaking rate.
Following Edlund et al. (2009), who proposed a model for measuring interlocutor similarity
as the dialogue progresses in Swedish, Levitan (2014) also analyzed synchrony (correlation be-
tween a pair’s relative values of adjacent Inter-Pausal Units, IPUs, pause-free units of speech
from a single speaker separated from one another by at least 50ms). Results showed positive
synchrony in some features (namely intensity mean, which was the most salient one), as well
as negative synchrony for most features, as speakers were adjusting not towards their inter-
locutors at each turn but away. Moreover, the authors also found evidences of entrainment on
turn-taking cues: a speaker tends to use a cue also used by the interlocutor and speakers have
more cues in common with each other than with one of the other speakers. Heldner et al. (2010)
had already shown that the pitch of a speaker producing a backchannel was more similar to the
previous adjacent turn than with any other word.
Building upon the previous studies, Levitan (2014) found that Mandarin Chinese speakers
are more similar to their partners than to their non-partners in the same features as American
English speakers, differing only in pitch maximum. In both languages, speakers paired in dif-
ferent gender groups (male-male, female-female, and mixed-gender) entrain on intensity mean
and maximum, but differ in all of the other features: mixed-gender pairs present the highest de-
gree of entrainment than female-female and male-male pairs. In a previous study, Levitan et al.
(2012) also found that prosodic entrainment is strongly correlated with social variables, namely
trying to be liked and giving encouragement, for female-male pairs than for same-gender pairs.
Nonetheless, regarding the success of the task, entrainment was more important to the smooth-
ness and flow of the conversation between male-male pairs than between female-female and
mixed-gender pairs.
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Within the frame of prosodic entrainment, Gravano et al. (2014) focused on intonation pat-
terns. The authors studied how speakers entrain regarding their pitch accents, phrase accents,
and boundary tones, using the ToBI annotation scheme (Beckman et al., 2005). These high level
measures of prosodic entrainment were then related with manually annotated social variables
that describe the level of engagement between speakers (e.g., does the conversation flow nat-
urally; are the participants having trouble understanding each other; are they bored with the
game; are they doing a good job contributing to the success of the task, inter alia). Results show
that when a speaker uses a superset of their interlocutor’s prosodic contours, he/she is per-
ceived by the annotators as more engaged in the conversation, namely by contributing to the
success of the game, by making him/herself clearer and with better-planned contributions to
the task, by giving more encouragement to the partner, by liking their partner more, by show-
ing desire to be liked, and by not being bored with the game. Moreover, the authors also show
that speakers who entrain to their interlocutor’s prosodic contours also show a richer prosodic
inventory.
In recent studies, acoustic-prosodic entrainment was analyzed considering the pragmatic
functions of specific words produced by the speakers, namely filled pauses, affirmative cue
words, and discourse markers.
In Beňuš et al. (2012), the authors studied entrainment of filled pauses produced by Justices
and lawyers during oral arguments of the Supreme Court, in order to verify if the quality of
the filled pauses produced by the lawyer-justice pairs varies according to the Justice votes. The
authors calculated the difference between the number of times a type of filled pause is used by
both speakers in each lawyer-Justice pair. The pairs were previously divided into two different
groups, those who voted in-favor and those who voted against. To measure entrainment dur-
ing the entire oral argument (global entrainment), the filled pause rate was calculated as well
as the Euclidean distance between filled pauses for each pair within a session. To evaluate en-
trainment at a local level (at turn-exchanges), the authors calculated the distance between the
adjacent filled pauses produced by the lawyers and the Justice pairs. For global entrainment,
results showed that the similarity in filled pause rates between pairs do not present a signi-
ficative influence in the Justice votes. A similar result was found for the analysis between the
quality of the filled pauses (e.g., uh, um, ah, eh) in each pair, meaning that no significant relation
between filled pause use and the direction of the vote was found. At a local level, the authors
found a significant correlation between the quality of the filled pauses and the direction of the
votes, which means that when a lawyer produces filled pauses similar to the Justice, there is a
tendency that the Justices’s vote is favorable to the lawyer’s case.
Beňuš et al. (2011) analyzed patterns of temporal accommodation in turn-taking strategies
to establish common ground between speakers. The authors claim that the timing of turn-initial
conversational fillers, such as um or uhm, and single word grounding responses, such as mmhm,
okay, or yeah, are linked to the achievement of pragmatic goals, such as signaling dominance
relationships between interlocutors, common ground understanding, and accommodation to
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the interlocutor’s speech. Results show that dominance was established by the limited time
a speaker allowed the interlocutor to begin or finish a turn. Contrarily, accommodation was
linked to multiple strategies for adjusting the temporal alignment of conversational fillers and
single word grounding responses.
In Beňuš (2014a), the author studied entrainment in the use of the discourse marker ’no’,
which means yes in Slovak. As in EP (Cabarrão, 2013), in Slovak, this discourse marker con-
veys distinct pragmatic functions, such as backchannel, acknowledgment, agreement, or even
beginning of a new discourse segment. Results showed less entrainment than expected in the
frequency of ’no’ between interlocutors: only the dialogues with a specific speaker (DF) showed
high frequency of use of this marker. Regarding the pragmatic function of ’no’, the function RP
(which stands for “I acknowledge that I understand, and please continue”/backchannel) was
the most frequent one. The author showed that two speakers did not entrained in the use of
’no’ with their interlocutors, and one entrained. Moreover, a speaker who did not entrained
with ’no’ frequency did entrained with this specific pragmatic function of ’no’ and vice-versa.
As for the acoustic-prosodic entrainment with the marker ’no’, no significant differences were
found between the behavior of a speaker in both games s/he played. Nonetheless, speakers
tended to entrain (both with ’no’ and in the remaining conversation) on intensity and voice qual-
ity features. The speakers with the role of describer (dominant role) showed a greater tendency
to entrain and to differ in the two games they participate.
To the best of our knowledge, the work of Beňuš (2014a) is the first one to correlate acoustic-
prosodic entrainment with a discourse marker. In the present study, we will also tackle a
holistic analysis of acoustic-prosodic entrainment considering several structures in EP, namely
discourse markers, disfluencies, affirmative cue words, and also distinct turn-types, namely
interrogative and declarative turns.
Acoustic-prosodic entrainment has also been studied considering its impact in different
situations. Lee et al. (2010) quantified pitch and energy in married couple’s problem-solving
interactions using speech signal-derived measures. Results showed that the majority of pitch-
related entrainment measures were significantly higher during positive interactions vs. neg-
ative ones. The authors were also able to identify, with 76% accuracy, husband and wife’s
positive vs. negative attitude in their interactions. Xiao et al. (2013) correlated empathy with
entrainment measures in patient-therapist interactions during counseling for drug addiction.
The authors found that higher entrainment, namely pitch similarity cues (mean pitch and pitch
variance), and turn-taking statistics, implies higher empathy between interlocutors. Nasir et al.
(2018) propose a turn-level distance measure (Neural Entrainment Distance - NED) to con-
textually learn the transfer function that ties two speakers in spontaneous conversations (tele-
phone conversations in the Fisher Corpus English Part 1; and conversations between therapists
and suicidal patients - Suicide Risk Assessment corpus). This metric (NED) allowed to distin-
guish between real and fake sessions - real conversations showed lower values of NED, hence
higher entrainment. The metric also allows to correlate entrainment with emotional bond in a
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therapist-patient relation - patients show an emotional bond with the therapists.
Entrainment also plays a crucial role in Spoken Dialogue Systems, impacting in the suc-
cess of a dialogue (Coulston et al., 2002; Ward and Litman, 2007; Levitan, 2014). In recent
studies, several entrainment strategies applied in human-human interactions have been tack-
led in computational applications, in order to improve the performance of automatic systems
(e.g., Nass and Lee, 2001; Ward and Nakagawa, 2004; Brockmann et al., 2005; Fandrianto and
Eskenazi, 2012).
Fandrianto and Eskenazi (2012) used acoustic-prosodic entrainment strategies to alter the
way users addressed an information-driven spoken dialogue system, namely when shouting
and/or hyperarticulating (these speaking styles are known to affect the speech recognition sys-
tems). To do so, the authors identified these speaking styles, and then applied the following
strategies: (i) explicitly ask the users not to shout and/or speak normally (without hyperar-
ticulation); (ii) lower the volume of the synthesized voice, and increase the speaking rate; and
(iii) changing the subject. All these strategies performed better than the baseline system, as the
speaker entrained to the system by returning to a more neutral speaking style.
Levitan (2014) also presented a method for dynamically entraining a dialogue system to a
human user’s prosody: the system matches the user’s acoustic-prosodic features as closely as
possible at each turn. Moreover, the author also shows that users prefer an avatar who entrains
than one that does not, are more likely to ask its advice (trust), and describe its voice in a more
positive way. Results thus show that humans relate to a computer in a similar way as they
relate to a human.
Building upon years of research, a new field known as Behavioral Signal Processing
(Narayanan and Georgiou, 2013) has emerged both to analyze and model human behavior
from signals, such as speech, language, and gestures. This field of research aims to provide in-
formation on human behavior, so that humans can evaluate, predict situations, and ultimately
make decisions. These techniques have been applied in multiple areas, like education (e.g., lit-
eracy assessment), healthcare (e.g., autism diagnostics, psychotherapy for addiction and cou-
ples therapy), contact centers, marketing calls, and human-robot interactions. Even though this
is a new field, there are already firms applying this line of research, such as Behavioral Signals
1, a company specialized in Behavioral Signal Processing. This company collects the prosodic
information from spoken interactions and relates it with other information sources, namely lex-
ical, syntactic, discourse organization, affective behavior (emotions, among others), providing
the necessary tools for employers to evaluate employees, and improve their services.
For the present study, we will mostly consider the literature regarding acoustic-prosodic
entrainment, specifically the proposals of Levitan and Hirschberg (2011), and Levitan (2014),
to allow for cross-language comparisons. The next section will review the studies available for
EP, prior to this thesis.
1https://behavioralsignals.com/
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2.3 Entrainment in European Portuguese
Entrainment is a recent topic of interest in EP spontaneous speech, due mostly to the in-
creased research in automatic dialogue systems (e.g., Paiva, 2011; Lopes, 2013).
In Mata and Santos (2011), the authors showed that the prosodic patterns of children’s
answers in EP dialogues vary according to the pragmatic function of the questions. There were
also evidences of correlations between nuclear f0 levels in question-answer pairs, considered
by the authors as a manifestation of pitch concord between speakers.
While studying affirmative answers in European Portuguese, Cabarrão (2013), in the same
map-task corpus used in this study, found evidences of pitch concord effects in context-answer
pairs with different pragmatic functions. The author found a strong correlation regarding pitch
height between the pairs instruct-agreement, a less strong correlation between propositional
question (yes-no question)-confirm pair, and a nonexistent one in the following pairs: inform-
agreement, inform-auto positive, instruct-auto positive, and check question-confirm.
Although this thesis is not focused on lexical entrainment, the studies of Lopes (2013) and
Lopes et al. (2013) are worth mentioning. The authors proposed an approach to use lexical
entrainment in order to improve the success rate of two dialogue systems, one in English (Let’s
Go) and the other in EP (Noctívago). Both systems provided schedules for buses in Pittsburgh
and in Lisbon, respectively. The main goal was to make the systems adapt to the lexical choices
of the users and propose other words that the users can also imitate. In both systems, the
performance improved, and there was a reduction of the total number of turns per dialogue.
The shortness of this section is a clear evidence that entrainment is not well studied in EP,
providing ample motivation for developing this research.
2.4 Summary
This chapter addressed several prosody concepts that were applied in all the experiments
performed in this study, both for entrainment and discourse markers. It also provided an
overview of different types of entrainment (e.g., social, lexical), focusing mainly in studies
about acoustic-prosodic entrainment. The main goal was to present several approaches to
study this type of entrainment from a linguistic and a computational perspective in different
languages, including EP.
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3State-of-the-art on StructuralMetadata Events
This chapter provides a brief overview of structural metadata events, in general, and dis-
course markers, in particular. The selected literature aims at revealing the importance these
events have in speech, and how they are treated linguistically and automatically. The identifi-
cation and recovery of structural metadata events, namely sentence boundaries (SUs), disflu-
encies (DISF) and discourse markers (DMs), are crucial to automatically process speech and
enrich speech recognition outputs (Liu et al., 2006). Based on previous work on SUs and disflu-
encies in EP spontaneous speech (Batista, 2011; Moniz, 2013), it has also been proved that the
automatic detection of these events can enrich speech recognition outputs, by decreasing the
Word Error Rate (WER) and facilitating subsequent natural language processing techniques.
This is crucial for our study since we aim to relate acoustic-prosodic entrainment with this type
of events.
The current work uses the most common designation, discourse marker, to allow for a
broader comparison with the literature, and follows the definition given by Liu et al. (2006),
namely a word or phrase that functions primarily as a structuring unit of spoken language,
also signaling to the listener the speaker’s intention to mark a boundary in discourse. As Lev-
elt (1983) claimed regarding self-repairs, when a speaker monitors his/her own or an inter-
locutor’s speech, he/she may provide the interlocutor with structural constraints to be im-
plemented on the next utterance, whether it is repair, a conjunct, or an answer. The author
also claims that transferring and reusing structural properties of previous speech allows the
speaker to gain in fluency, and establish discourse coherence to the advantage of the listener.
Here, as Levelt (1983), we assume that when speakers produce discourse markers to organize
their discourse and plan the next utterances, they are monitoring their own speech as well as
signaling to the interlocutor their intentions, thus maintaining and reinforcing the fluidity of
the dialogue. Moreover, discourse markers play a crucial role in the progression of dialogues,
as they are associated with several informative functions (e.g., intention to keep talking, change
in the dominant speaker, beginning of a new topic, stalling) that contribute to the success of the
interaction.
Since our main goal is to verify how structural metadata events influence entrainment
between speakers, we will not analyze connectors, which, by definition, have semantic content
and maintain the cohesion nexus between utterances, but only discourse markers that tend
16 CHAPTER 3. STATE-OF-THE-ART ON STRUCTURAL METADATA EVENTS
to occur in spontaneous speech, are deployed of propositional content and, therefore, can be
detached from the utterance or replaced by a disfluency, for example. In the literature (e.g.,
Lease and Johnson, 2006; Goldwater et al., 2010), discourse markers are frequently compared
to disfluencies as they share some pragmatic functions, such as stalling.
3.1 Punctuation marks (SUs)
In EP, the automatic recovery of punctuation marks has been largely studied in Batista
et al. (2007), Batista (2011), Batista et al. (2012a), Batista et al. (2012b), and Moniz (2013). The
authors claim that speech units do not always correspond to sentences, as established in the
written sense, and that they can be quite flexible, elliptic, restructured, and even incomplete
(see Blaauw, 1995). By detecting the positions where a punctuation mark is missing in spoken
transcripts (produced by automatic speech recognition systems), it may be possible to find the
SU boundaries. As detailed in Batista et al. (2012b), an SU may correspond to a grammatical
sentence, or to a semantically complete unit that is smaller than a sentence.
Batista (2011) and Batista et al. (2012b) included sentence boundaries and disfluencies in
the language models of our in-house Automatic Speech Recognition system (ASR) Audimus
(Neto et al., 2008), resulting in an improvement of the output of the system (expressed by a
decrease of the Word Error Rate).
Building upon the previous studies, Batista et al. (2012a) improved the baseline results for
recovering commas, full stops and question marks, both in EP and in English, by applying different
levels of linguistic structure, including lexical, prosodic, and speaker related features. Results
showed that commas are mostly identified by lexical features, that full stops mostly depend on
prosodic features, and that question marks benefit from combining all features. Commas are the
event characterized by fewest prosodic features, and are mostly identified by morphosyntactic
features. However, that is not the case in a corpus of map-task dialogues (CORAL, see Chapter
4), where they are better classified. The two most relevant features are: identical contiguous
words and mostly plateau energy and pitch shapes between words. The first feature is associated
with emphatic repetitions, comprising several structures, namely: (i) affirmative or negative
cue words (sim, sim, sim/‘yes, yes, yes’) and (ii) repetition of a syntactic phrase, such as a
locative prepositional phrase (para cima, para cima/‘above, above’).
In another experiment using mostly prosodic cues on detecting punctuation marks be-
tween words, Moniz (2013) showed that for full stops, the most salient prosodic features corre-
spond to: i) a falling contour in the current word; ii) a plateau energy slope in the current word;
iii) a variable duration ratio between the current and the following words (due to vary distinct
patterns as either insertions of schwa quality vowels, truncations, frications, etc.); and iv) a
higher ASR confidence level for the current word. This characterization is the one that most re-
semble the neutral statements in Portuguese, associated with a terminus value. SUs delimited
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with full stops (declarative turns) are the most studied turn type in EP (e.g. Viana, 1987; Falé,
1995; Vigário, 1995; Cruz-Ferreira, 1998; Frota, 2000; Viana et al., 2007). Neutral declaratives are
associated to the canonical contour H* H+L* L% (a prenuclear high tone in the first accented
syllable, a sharp fall reaching a low target within the accented syllable and a low boundary
tone, Viana et al., 2007). In map-task dialogues (corpus CORAL), this contour (H+)L* L% has
also been associated with the expression of agreement or completeness (Cabarrão and Mata,
2012).
As for question marks in a corpus of university lectures (corpus LECTRA, see Chapter 4), two
patterns were observed, namely: (i) a rising contour in the current word and a rising/rising
energy slope between current and following words; ii) a plateau pitch contour in the current
word and a falling energy slope in the current word. The results obtained were in line with
the prosodic description of interrogatives, especially wh- questions, in EP. These are character-
ized with a falling intonational contour, similarly to declarative sentences (Cruz-Ferreira, 1998;
Viana et al., 2007); yes-no questions are characterized in spontaneous speech with both low-
falling or low-rising contours, by Mata (1990); and with the contour H* HL* H%, by Falé (1995).
In data collected in laboratory, they are characterized with the contour H+L* LH% (Frota, 2000,
2002). H+L* LH% is also the contour associated with yes-no questions functioning as informa-
tion requests (Mata and Santos, 2010; Mata and Moniz, 2016). Moreover, this sub-type has no
associated lexical-syntactic cues in Portuguese, only prosodic, unlike English where Yes/No
questions can be coded with an auxiliary verb and/or subject inversion. Tag questions are
described with falling contours by Cruz-Ferreira (1998), and Mata (1990) and Mata and Moniz
(2016) associated them to a low-rising melody, specifically the contour L*+H H%.
The idiosyncratic behavior of Tag questions led Moniz et al. (2011) to perform a detailed
analysis of this type of interrogative in different EP corpora (lectures and dialogues). The au-
thors analyzed não é? (’isn’t it?), the most frequent tag in the data. Results showed that the
declarative part before the tag behaves as a typical neutral declarative in EP (with the contour
H+L* L- or L%); the tag itself is mostly accented with specific intonational patterns (the most
frequent is L*+H L%); when deaccented, the boundary tones can either be L% or LH%. More-
over, this tag is mainly produced with weak forms, such as [n’E] or [n5 ’E] vs. [n5̃w̃’E] , and the
choice of the form is speaker dependent.
Regarding the perception of the intonational contrasts between declarative and interroga-
tive turns, Falé (2005) and Falé and Faria (2006) have shown that the perception of a declarative
mainly depends on the final fall in the last stressed syllable, as the perception of an interrog-
ative is mostly related with the pitch range of the phrase-final rise (rising boundaries must be
higher than 2 semitones).
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3.2 Disfluencies
Disfluencies have been presented in the literature as a crucial part of spontaneous speech,
specifically concerning speech structuring (Levelt, 1983; Allwood et al., 1990; Swerts, 1998;
Clark and Fox Tree, 2002). Disfluencies can be used, for example, to stall time while the speak-
ers plan the subsequent speech or even to introduce new information (Clark and Fox Tree, 2002;
Arnold et al., 2003).
As proposed in several studies (Levelt, 1989; Nakatani and Hirschberg, 1994; Shriberg,
1994), disfluencies present an idiosyncratic structure, as they comprise several moments in the
speech continuum, namely reparandum (region to repair); interruption point (moment when the
speaker stops speaking to correct what was said); interregnum (optional part that may include
silent pauses, filled pauses or editing expressions); and repair of fluency (the corrected linguistic
material).
Shriberg (1994) and Eklund and Shriberg (1998) presented a typology of disfluencies that
allowed for cross-language and cross-domain comparisons. That typology, still in use nowa-
days, comprises the following set of disfluent categories:
Moniz, 2013 analyzed university lectures and map-task dialogues (the same corpora used
in this study). The author showed that the selection of specific disfluency types was domain
dependent. As for their acoustic-prosodic characterization, results showed that pitch, energy
and tempo parameters displayed inter-corpora similarities, showing a cross-speaking style
prosodic strategy of contrast marking in the disfluency-fluency repair. Specifically in the lec-
tures, pitch and energy cues were given both for the units inside disfluent regions and between
these and the adjacent contexts, showing a stronger prosodic contrast marking when compared
to dialogues.
In a more recent study, Moniz et al. (2016) described a framework encompassing
multi-layered linguistic information to distinguish between punctuation marks and disflu-
ency/fluency repairs, focusing on prosodic features. The authors claim that both disfluencies
and punctuation marks may share prosodic properties, thus the location of a disfluency may be
automatically and manually misclassified with the location of a punctuation mark. In the clas-
sification task, the best distinction between punctuation marks and disfluency/fluency repairs
were achieved for full stops (for lectures and dialogues), and the worse performance for repairs
(in the university lectures corpus). Results showed that there is a set of very informative fea-
tures that are crucial to distinguish these events, namely pitch and energy shapes, duration ratios,
and ASR confidence levels of the units of analysis. Disfluencies, namely repetitions, are mostly
characterized by: two identical contiguous words; both energy and pitch increases in the following
word and (mostly) a plateau contour on the preceding word; and a higher ASR confidence level
for the following word than for the previous word. This set of features reveals that repetitions
are identified, that repair regions are characterized by prosodic contrast marking (increases in
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Set of disfluencies and examples
Filled pauses - schwa-like quality vowel and/or nasal murmur for European Portuguese
ou pode estar <%aa> trancada (or it can be <%uh> closed)
Repetitions - linguistic material repeated
e <vocês sabem> vocês sabem que (and <you know> you know that)
Substitutions - replaced linguistic material, typically corresponding to the same morphological category
que, aliás, <sai> saiu na vossa ficha (Which, alias, <comes out> came out in your test)
Deletions - abandoned linguistic material, corresponding to a complete refresh.
<Significa isto que se nós considerarmos nós temos aqui> Ah, e no fim, e no fim, diz aí que vocês tinham ainda um stock de cento e cinquenta traves,
(<This means that if we consider that we have here> Oh, and at the end, and at the end says here that you still had a stock of hundred and fifty beams,)
Insertions - inserted linguistic material, usually with repetitions to clarify an idea.
<em +que é que> em que medida é que o padrão é útil?(in what way is the pattern useful?)
Editing terms/expressions - overt expressions regarding on-line message editing
<parou quer dizer %aa> acabou o tempo(<stopped I mean %uh> time ran out)
Word fragments - linguistic material truncated or incompleted.
<comp-> complementar (<addi-> additional)
Mispronunciations - linguistic material pronounced in an erroneous way
pode-nos <servir~> servir pronounced as [S1r’nir] instead of [s1r’vir] (can <serve~> serve us)
Complex sequences - linguistic material comprising distinct disfluent categories (e.g., repetitions and substitutions)
O ano passado houve uns colegas vossos da matemática que <fizeram o projecto só qua-> queriam fazer o projecto quase só com strings.
(Last year there were some of your colleagues from math who <did the project only al-> wanted to do the project almost only with strings.)
Others - sometimes simultaneous - phonetic-phonological, lexical, morphological and syntactic
Table 3.1: Set of disfluent categories. List adapted from the thesis of Moniz, 2013, pp. 6-7.
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pitch and energy) between disfluency-fluency repair (as in Moniz et al., 2012 and Moniz, 2013),
and also that the first word of the repair has a higher ASR confidence score. Since repetitions
are more frequent in dialogues (22% of all disfluencies vs. 16% in lectures), the feature identical
contiguous words has a significant higher impact.
The acoustic-prosodic characterization of disfluencies, in particular, and structural meta-
data events, in general, is still a matter of debate. Structural metadata events can be equated
to discourse markers as a broad linguistic class, which encompasses both disfluencies and dis-
course markers. Linguistic literature on discourse markers points out to several strategies when
accounting for disfluencies in such a broader class: (i) either consider fillers and reformulation
markers as a sub-type of discourse markers, but always stating that they have a distinct na-
ture, although not clarifying truly this nature with empirical evidences; or (ii) consider them
as completely different and not part of discourse markers. By comparing both events in the
same corpora, we aim at bridging their acoustic-prosodic properties, and contribute to the sub-
categorization of this broad class.
3.3 Discourse Markers
Several authors have showed the importance of discourse markers in different languages,
given their high frequency and multifunctionality, both in speech and in written texts. There
has been a growing effort to define the set of words that can be considered as a discourse
marker (Fraser, 1990, vs. Schiffrin, 1988). Consequently, there is also a variety of definitions
to encompass this heterogeneous class, namely, discourse markers (Schiffrin, 1988; Schourup,
1999), connective markers (Fraser, 1988), pragmatic particles (Beeching, 2002), phatic markers
(Fraser, 2009), pragmatic markers (Redeker, 1990; Aijmer et al., 2006; Denke, 2009), conversa-
tional markers (Urbano, 1993; Borreguero and López, 2010), among others.
According to Fraser (1999), discourse markers must derive from the morphosyntactic
classes of conjunctions, adverbs, and prepositional phrases. In this work, interjections are not
considered as a discourse marker. The author proposes that discourse markers are a pragmatic
class, given the fact that they contribute to the interpretation of the utterances, but not to their
propositional content. Building upon such distinction, Fraser (1999) defines two types of mark-
ers, namely those that relate messages and those that relate topics. The main premises of this
work is that discourse markers always signal a relationship between the interpretation of the
segment they introduce, defined by the author as S2, and the prior segment, S1, that does not
necessarily need to be adjacent.
In a different approach, Schiffrin (1988) defines discourse markers as multifunctional de-
vices that delimit units of speech, are syntactically detachable, and have a range of prosodic
contours. These structures are linguistic expressions, such as conjunctions, interjections, ad-
verbs, and lexicalized phrases, as well as non-verbal devices, such as gestures or paralinguis-
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tic features. Contrarily to Fraser, Schiffrin (1988) also showed that discourse markers display
not only local, but also global relations, i.e., relations between adjacent utterances and across
the discourse, respectively. Ultimately, the author evidences the role of discourse markers in
structuring a coherent discourse as a whole, encompassing both linguistic and non-linguistic
dimensions of the communicative situation, beyond the exclusive use of such devices as index-
ing propositional relations in a text.
Aijmer et al. (2006) distinguish between discourse marker and pragmatic marker, prefer-
ring the latter designation. The striking difference relies on the fact that a pragmatic marker
is a word or expression that does not contribute to the propositional, truth functional content
of an utterance, vs. a discourse marker used to describe words that signal coherence relations.
Although the authors distinguish between those structures, the frontier between them may not
be clear, due to the fact that words can fulfill both the propositional level (e.g., consequence)
and the non-propositional one (e.g., topic shift; beginning of a new topic).
Crible (2014) elaborates a combined version of several existing proposals to define dis-
course markers (namely those by Brinton, 1996; Hansen, 2006; Schiffrin, 1988; Schourup, 1999).
The author presents DMs as a grammatically heterogeneous, multifunctional type of pragmatic
markers, hence syntactically optional and non-truth-conditional, constraining the inferential
mechanisms of interpretation processes. Supporting the views of Schiffrin (1988) and Aijmer
and Simon-Vandenbergen (2011), the author claims that the specificity of DMs as part of the
pragmatic markers category is to function on a metadiscursive level as a cue to situate the
host unit in a co-built representation of on-going speech (e.g., by signaling a discourse relation;
expliciting the structural sequencing of discourse segments; expressing the speaker’s meta-
comment on his phrasing; or contributing to interpersonal collaboration).
In a more recent study, Crible and Cuenca (2017) identify the main characteristics of DMs
in speech and compares them with DMs in written texts, mainly in what concerns annotation
problems. One of the differences found is the scope these structures have: in speech and in
writing, DMs can take scope over large and distant segments, but in speech they can also com-
bine local and global scope simultaneously.
The fact that discourse markers are multifunctional (Schiffrin, 1988; Aijmer and Simon-
Vandenbergen, 2011; Crible and Cuenca, 2017) or polysemic (Fischer, 2000b,a), meaning that
the same item can have different functions or semantic interpretations in discourse, makes it
more difficult to disambiguate and, therefore, to classify. According to Beeching (2017), prag-
matic markers have different functions depending on the nature of the interaction. In sponta-
neous speech, they allow for hesitations, backtracking, repairs and repetitions, and also occur
as turn-taking strategies. Moreover, in a social perspective, pragmatic markers may be sociolin-
guistically marked, are often associated with naturalness, friendliness and warmth, and may
also be a mark of politeness.
Discourse markers, as other structural metadata events, are also very challenging to auto-
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matically detect, due to several reasons: (i) they occur mostly turn-initial, locations for higher
WER of automatic speech recognition systems (Goldwater et al., 2010); (ii) they share with dis-
fluencies the same location, and (iii) also behave as a prosodic constituent per se (Goldwater
et al., 2010; Moniz, 2013).
Discourse markers also raise problematic issues in the field of translation, both human and
automatic. These are characterized by their idiomatic nature, which poses a problem in finding
exact equivalents in different languages. Therefore, building an inventory of these words and
expressions, as well as a description of their function in discourse, is crucial for several tasks
(Lopes et al., 2015; Mendes and Lejeune, 2016; Mendes et al., 2018).
Discourse markers and disfluencies can be processed in two distinct ways (Popescu-Belis
and Zufferey, 2011): either to remove these structures from the automatic transcripts or to in-
clude them to enrich the transcripts with (meta/para)linguistic information. Lease and Johnson
(2006) compare discourse markers to disfluencies, namely lexicalized filled pauses, and remove
them from the automatic transcripts. In a distinct approach, Hirschberg and Litman (1993), and
Samuel (2000) argue that the presence of discourse markers can be used to infer the structure of
discourse, meaning the relation between previously uttered constituents and subsequent ones,
and for resolving anaphoric references, and should, therefore, be encompassed in the automatic
processing. As for their frequency, Jucker and Smith (1998) found a total of 31.8% of discourse
markers, namely reception markers (used to signal a reaction to information provided by an-
other speaker, such as yeah, oh, and okay), and presentation markers (markers that modify the
speaker’s own information, such as like, you know, and I mean) in each 5 minutes per topic unit.
The author showed that the frequency of both types of markers varied according to the pairs of
speakers (friends or strangers), although the total number of discourse markers was similar in
both pairs (32.8 vs. 30.7). As for disfluencies, their frequency varies if the interlocutor is either
a human or an automatic system. In line with findings by Shriberg (2001), disfluencies present
an interval of 5% to 10% in human-human conversations.
The study by Heeman and Allen (1999) shows that the tasks of segmenting turns and re-
solving repairs are crucial in studying the speaker’s intentions in dialogues, along with the
identification of discourse markers. The authors follow the definition of discourse marker pre-
sented by Schiffrin (1988) and Hirschberg and Litman (1993), and add a definition of utterance
unit, which they consider to be a block of spoken dialogue where discourse markers operate to
relate the current utterance to the discourse context or to signal a repair. In this study, Heeman
and Allen (1999) present a statistical language model that aims at redefining the speech recog-
nition problems, including the identification of POS tags, discourse markers, speech repairs,
and intonational phrases. The corpus consists of human-human task oriented dialogues (Train
Corpus), where a human pretends to be an assistant in a computer aided system in a setting as
close to human computer interaction as possible, although both humans know they are talking
to a person. In this corpus, discourse markers account for 14% of the total number of words,
occurring as part of the editing term or of the alteration in 40% of the fresh starts and in 14%
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of the modification repairs. Therefore, the authors claim that identifying a word as a discourse
marker facilitates the automatic detection of repairs. In this study, the results achieved also
showed that modeling repairs, intonational phrases, and discourse markers jointly, rather than
as distinct events, helps to improve the performance of the automatic speech recognizer and
reduces the error rate in recognizing each one of these events.
3.4 Studies in European Portuguese
In EP, similarly to other languages, discourse markers correspond to distinct linguistic cate-
gories, namely adverbs, conjunctions, interjections. Discourse markers are also multifunctional
or polysemic, as can be associated with different pragmatic functions, (Schiffrin, 1988; Fischer,
2000a; da Silva, 2006), which represents an additional challenge for their classification. More-
over, most of the studies available for EP are based on written texts (e.g., Mendes, 2013; Lopes,
2016), and still do not account for all the discourse markers present in speech.
In EP, in order to automatically identify discourse markers based exclusively on acoustic
prosodic features, we need to establish, first, what words can be classified as discourse markers
and, subsequently, what are their acoustic-prosodic features. For EP, the studies on discourse
markers in spontaneous speech are scarce and, to the best of our knowledge, are null when
considering acoustic-prosodic features. All the studies focus on semantic and syntactic proper-
ties of such structures. There are still no solid and unambiguous inventories of such structures
available due to the fact that literature in EP, of which we will give a few examples, focuses
mainly in written texts.
To the best of our knowledge, the work of Marques (1993) is the only one until now focusing
on the functions discourse markers can play in speech. The author describes conversational
markers as words or expressions that occur in speech and allow the beginning, continuity, and
ending of a conversational act; are used to change the topic; to change the interlocutor; and to
reinforce the exposed thoughts, thus making the dialogue more dynamic and expressive. In
this study, the markers não é (isn’t it) and pá (men) are analyzed in a corpus of spontaneous
speech in EP (corpus Português Fundamental, Bacelar et al., 1987). The author found that não é
(isn’t it) is both an interactional (conducts illocutionary acts and interpersonal relations) and
an intratextual marker (structures the linguistic chain), as pá (men) only seems to present an
interactional function.
Coutinho (2009), by adapting the classifications of Fraser (1999) and Adam (2008), describes
discourse markers according to the context and the specificity of the text, in order to disam-
biguate the different discursive uses of discourse markers. Studies by Lopes (1997), Freitas and
Ramilo (2003), and Soares da Silva (2006) presented analysis for a singular discourse marker,
namely então (‘so’), portanto (‘so, like’), and pronto (‘that’s it, ok’), respectively, and its different
functions according to context. The study of Alves (2012) analyzed a set of discourse markers
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in a second language acquisition perspective, Lopes and Matos Amaral (2006) analyzed the
uses of agora (’now’) and então (’then’) both as deictic and anaphoric temporal adverbs and dis-
course markers, and the work of Lopes (2014) studied the diachronic behavior of the marker
aliás (‘moreover’).
Lopes and Matos Amaral (2006); Lopes and Sousa (2014) and Lopes (2016) in a most recent
study have been working on creating a pragmatic categorization of discourse markers, focus-
ing mostly on their connective function in structuring texts. To the best of our knowledge,
Lopes (2016) established a typology for European Portuguese that relates classes of DMs with
discourse relations.
In a different approach, Lopes et al. (2015) performed an automatic experiment to find
the equivalents of the discourse markers selected for the present study (corpus of university
lectures and map-task dialogues) to the ones available in the Europarl corpus (Koehn, 2005).
Results showed that out of the almost 60 discourse markers selected, only 18 were available in
the Europarl corpus and had an English translation. The authors present as a possible expla-
nation the register used in the three corpora, as dialogues, lectures, and speeches given in the
European Parliament represent a continuum encompassing informal to very formal domains,
respectively.
Mendes and Lejeune (2016) also provided a lexicon of 210 pairs of discourse connectives
with their correspondent rhetorical senses and English translation (LDM-PT - Lexicon of Dis-
course Markers). The authors consider discourse markers as a broad category that includes
cohesive devices and also pragmatic markers with interactional and modal meanings. In this
study, the focus is on discourse connectives (such as conjunctions, adverbs, phrases, and prepo-
sitions), that act as elements expressing a two-place semantic relation filled by propositional
arguments. In a more recent work, Mendes et al. (2018) expanded the LDM-PT to 252 pairs
of discourse markers/rhetorical sense. The DMs were extracted from frequency lists from a
corpus of contemporary Portuguese, and from a multilingual discourse treebank (TED-MDB,
a parallel corpus of English TED talks transcripts and their translations in 5 languages, includ-
ing Portuguese). This lexicon represents a valuable resource for studying DMs in EP, however,
conversational markers with mainly an interactional meaning, topic of the present study, are
still not accounted for.
Due to the fact that we analyze spontaneous speech corpora, and our DMs are not well
recognized automatically, the referred fined-grained typologies are still not applicable to our
data. We use instead acoustic-prosodic information to distinguish discourse markers from dis-
fluencies and SUs.
This study builds upon previous work of the authors, using the same spontaneous speech
corpora, namely university lectures (LECTRA corpus, ISLRN 298-379-572-530-5, Trancoso et al.,
2008) and map-task dialogues (CORAL corpus, ISLRN 499-311-025-331-2, Trancoso et al., 1998).
In Cabarrão et al. (2015), we performed the first experiments with an automatic classification
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task to discriminate between discourse markers, disfluencies, and SUs, given exclusively their
acoustic-prosodic features, extracted from the toolkit openSMILE (Eyben et al., 2010). The re-
sults showed that the use of acoustic-prosodic features improved up to 20% the classification
of each task. The classification performed better for the lectures corpus (87%) than for the
dialogues (84%), and discourse markers were more easily confused with SUs than with disflu-
encies. Based on these encouraging results, we now aim at expanding to other sets of acoustic-
prosodic features, towards a better understanding of the discriminative properties of each class.
Furthermore, we also compare the distributional patterns of disfluencies with discourse mark-
ers, in order to verify the differences and/or similarities between those two structural metadata
events. We will discuss the most prominent acoustic-prosodic features and relate those to in-
formation structure and prosodic patterns of the three classes (see Chapter 6).
Even though there has been a growing effort to describe and classify discourse markers in
EP, these structures are still understudied in our language, especially in what concerns their
idiosyncratic properties in spontaneous speech. Therefore, the contributions of our work are
threefold: (i) add to previous work the discrimination of discourse markers into the structural
metadata events; (ii) describe the most salient acoustic-prosodic properties of discourse mark-
ers in spontaneous speech and, thus, contribute to their prosodic characterization, and (iii)
contribute to enrich automatic speech transcripts.
3.5 Summary
This chapter reviewed literature regarding structural metadata events, namely punctuation
marks (SUs); disfluencies, and discourse markers. A special attention was given to discourse
markers in different languages and in EP (the identification and recovery of SUs and disflu-
encies was already performed in the corpora used in this thesis). Several studies show that
structural metadata events are crucial in speech processing and we also aim to verify if they
play an important role when analyzing entrainment, the topic of this thesis.
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4Corpora description and annotation
In this chapter, we present the data, namely two spontaneous speech corpora of map-task
dialogues and university lectures, and a written corpus of tweets. The three corpora were used
to analyze discourse markers, allowing for a cross-domain comparison. Only the dialogue
corpus was used to study entrainment. This decision was due to the fact that dialogues are
the only corpus that allows the analysis between interlocutors (the lectures corpus only has
available the teachers speech, and tweets are a written corpus).
The three corpora used were collected and annotated at the Spoken Language Laboratory
(L2F) of INESC-ID. The dialogues and lectures are publicly available through the European
Language Resources Association (ELRA). The collection of tweets is not publicly available,
and can only be used for research purposes within the L2F.
4.1 Corpora
4.1.1 The CORAL corpus
The CORAL corpus (ISLRN 499-311-025-331- 2) (Trancoso et al., 1998) is the result of a na-
tional project sponsored by the PRAXIS XXI program, by a consortium formed by the Institute
of Systems Engineering and Computer (INESC), the Linguistic Center of the University of Lis-
bon (CLUL), the Faculty of Letters of the University of Lisbon (FLUL), and the Faculty of Social
Sciences and Humanities, New University of Lisbon (FCSH-UNL).
The corpus comprises 64 dialogues in map-task format between 32 speakers. The dialogues
occur between two speakers in a sound proof room, with no visual contact between them.
CORAL is balanced in terms of gender and of role played by the speakers: one is the giver
of the information and the other is the follower. The giver has a map with a route drawn and
some landmarks and his/her task is to provide information and directions for the follower to
reconstruct the same route in his/her incomplete map. All speakers play the role of giver and
follower twice with different interlocutors. The dialogues were organized so that there were
different degrees of familiarity between interlocutors: half of the conversations occur between
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pairs that already knew each other, including a pair of twin sisters (s21 and s24), and the other
half between strangers.
There are also several inconsistencies between the names and the places of the landmarks
in the maps to elicit conversation (see an example of CORAL maps in Figure 4.1). The map-task
format results in a collaborative task where speakers interact with the common goal of jointly
reach the finish line. Speakers do not compete with each other and there is no time limit to
perform the task.
The corpus has 7 hours orthographically transcribed, and includes also a small subset with
several other levels of labelling, namely phonetic, prosodic, syntactic and semantic. It totals
61k words and was divided into train and test sets.
For the analysis of both discourse markers and entrainment, we used a subset of the corpus
comprising 48 dialogues between 24 speakers (12 male and 12 female divided into 16 male-male
pairs, 16 female-female pairs and 16 mixed-gender pairs). The subset is divided into sentence-
like units (SUs), with a total of about 42k words.
Figure 4.1: Example of a giver’s (left) and a follower’s map (right). Example extracted from
Viana et al. (1998).
4.1. CORPORA 29
4.1.2 The LECTRA corpus
The university lectures corpus, collected within the LECTRA national project, sponsored by
FCT (POSC/PLP/58697/2004), aimed at producing multimedia contents for e-learning appli-
cations, and for enabling hearing-impaired students to have access to recorded lectures (Tran-
coso et al., 2008).
The LECTRA corpus (ISLRN 298-379-572-530-5) has a total of 6 courses taught at Instituto
Superior Técnico (IST), namely: Production of Multimedia Contents (PMC), Economic The-
ory I (ETI), Linear Algebra (LA), Object Oriented Programming (OOP), Accounting (CONT),
Graphical Interfaces (GI), and 1 course, Introduction to Informatics and Communication Tech-
niques (IICT), taught at Faculty of Sciences of the University of Lisbon (FCUL). All courses,
with the duration of 60 to 90 minutes long, were recorded in the presence of students, except
IICT recorded only with the teacher targeting an Internet audience. All the lecturers (6 male
and 1 female) are native Portuguese speakers.
LECTRA has a total of 75h of speech, of which 32h were orthographically transcribed,
totaling 155k words. The transcription process was made by three annotators with the same
linguistic background. The annotation of disfluencies followed the guidelines described in
Moniz (2006) and Trancoso et al. (2008), and the annotation of punctuation marks followed
the punctuation summary in Duarte (2000). The inter-transcriber agreement was evaluated
by (Moniz, 2013) and the results showed an almost perfect agreement between one annotator
(A1) and the remaining two (A2 and A3, with a slot accuracy of 0.82 and 0.79, respectively),
and a substantial agreement between A2 and A3, with a slot accuracy of 0.69. The corpus was
divided into 3 different sets: train (78%), development (11%), and test (11%).
This corpus was only used for the analysis of discourse markers. Sadly, we could not use
this data to study entrainment, since we only have the teachers’ speech and not their interac-
tions with the students. The main reason to include this corpus in this work was the fact that we
aimed at collecting a large amount of discourse markers, contributing to their identification in
spontaneous speech, and also to allow for a cross-domain analysis of their patterns (frequency;
co-occurrence with other metadata events; acoustic-prosodic behavior, among others).
4.1.3 The collection of tweets
Twitter is a social network widely used that allows for instant communication and experi-
ence sharing between its users. All the messages must contain a maximum of 140 characters.
The corpus of geolocated tweets (Brogueira et al., 2014b) comprises a total of 307K tweets
(with a total of 1,525,437 words), produced by about 11k different users in an 8-day period. The
data collection used the Streaming API filter/status, and considered only the tweets produced
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in Portugal mainland and also the Autonomous Regions of Azores and Madeira, that were
written in Portuguese.
Brogueira et al. (2014a) showed that the tweets collected were produced mainly by
teenagers and young adults that used Twitter as a way to share their personal feelings and
ideas regarding family, school, and friends.
One of the goals of this study is to contribute to the acoustic-prosodic description of the
discourse markers that are mainly used in spontaneous speech. The decision to include tweets
in this analysis was due to the fact that this dataset represents the continuum between speech
and written modalities. Tweets are written products of a rich intersection between speech id-
iosyncratic features and text representations of those: they are coded in a written form and
can be considered a genre on their own, but they also present some characteristics of spon-
taneous speech, namely contractions and reductions mimicking speech structures. Although
tweets may not faithfully represent speech per se, they truly represent a very fuzzy frontier
between speech and writing modalities. In that sense, tweets can be seen as a closer scenario
and a worthwhile one to study the influences of speech on written modalities, in general, and
also to study the frequency and selection of specific discourse markers, in particular. Therefore,
integrating tweets in this study will allow for a cross-domain analysis to better understand the
distribution and occurrence patterns of discourse markers.
4.2 Multilayer annotation of the speech corpora
For both CORAL and LECTRA, along with the manual transcripts, that provide comple-
mentary reference data that are fundamental for speech analysis, supervised training, and au-
tomatic evaluation, there are also force aligned and automatic transcripts, produced by the
in-house Automatic Speech Recognition system (ASR) Audimus (Neto et al., 2008), trained for
the broadcast news domain 1. The scarcity of text materials in EP to train language models for
these domains (dialogues and lectures) has motivated the decision of using the ASR in a forced
alignment mode only. Therefore, we will not bias the study with the results obtained with an
out of-domain recognizer (training with in-domain data will always present better results). For
that reason, current experiments rely on forced aligned transcripts that still contain about 0.9%
of unaligned words (mainly due to low energy segments).
Currently, dialogues and lectures are available as self-contained XML files that correspond
to enhanced transcripts, integrating information from both manual and automatic synchro-
nized transcripts, enriched with additional prosodic information related to pitch, energy, du-
ration, and other structural metadata (punctuation marks, disfluencies, inspirations, other par-
alinguistic annotation, etc.). Figure 4.2 presents a transcript segment, corresponding to the
1Full reports on the process of extending existing ASR transcripts in order to accommodate relevant reference
data coming from manual annotations are described in Batista et al. (2012b) and Moniz et al. (2015).
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Figure 4.2: Example of a file that integrates the reference data into the ASR output.
sentence Portanto o início começa [%aa]2 do lado direito do cabo./‘So the beginning is [%aa] on
the right side of the cable.’ that was automatically enriched with reference data. The exam-
ple illustrates two important sections: the characterization of the transcript segment and the
discrimination of the wordlist that comprises it. Each word element contains the lowercase
orthographic form, start time, end time, and confidence level; a discrimination of the focus
condition (F1 stands for spontaneous speech without background noise); information about
the capitalized form (cap=); whether or not it is followed by a punctuation mark (punct=.); and
the part-of-speech tag (pos=). The output of the force alignment encompasses phone, syllable,
word, and sentence-like unit segmentations, temporally aligned with the signal. It is currently
possible to extract acoustic-prosodic features for these different units of analysis. In the present
study, the three units selected were segments corresponding to: disfluencies, discourse mark-
ers, and sentence-like units (see Chapter 3).
2The notation [%aa] corresponds to the orthographic transcription of a filled pause.
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4.3 Summary
This chapter presented the corpora used in this study: for entrainment, we analyzed the di-
alogue corpus (CORAL), and for discourse markers, we used both speech corpora (CORAL and
LECTRA) and the collection of tweets. The different corpora used allows for a cross-domain
comparison regarding discourse markers. It was also presented the automatic transcripts en-
riched with manual annotations available for dialogues and lectures. These were used to ex-
tract acoustic-prosodic features for SUs, disfluencies, and discourse markers.
5Methodology for discourse markersanalysis
This chapter describes, first, the selection of discourse markers performed to enrich auto-
matic transcripts. This selection is based on a data-driven approach, to determine which mark-
ers should be included in this study. Then, it presents the sets of acoustic-prosodic features
used to analyze discourse markers, as well as the machine learning experiments applied to
distinguish between these structures, SUs, and disfluencies, using acoustic-prosodic features.
5.1 Selection of discourse markers
This study focus the discourse markers that can both occur turn-initial in our speech cor-
pora, and can be removed from the discourse without compromising its propositional content.
We aim at linguistically characterizing these units and understand what their most prominent
acoustic-prosodic features are.
The acoustic-prosodic discrimination between structural metadata events still poses sev-
eral challenges, given mostly to the prosodic distribution of such events and to the correspon-
dent acoustic-prosodic features of such prosodic contexts. So far in EP, we only manage to
discriminate between disfluencies and distinct punctuation marks or SUs, without any infor-
mation on discourse markers. It is, therefore, expected that the inclusion of discourse markers
in the language models for EP, already trained with other structural metadata events, will im-
prove the available enriched automatic transcription models and will contribute to the under-
standing of the structural metadata events as a whole.
Due to the lack of a suitable inventory based on spontaneous speech, our first task was
to identify possible candidates of discourse markers displayed in the corpora. Several criteria
guided our selection: previous orthographic guidelines; stimuli audition; syntactic detachment
of the structures and metalinguistic function; expert agreement in the selected structures; and
decisions on ambiguous cases.
Considering the frequency of these structures in the data (3% of the total number of words
in each corpus) and the fact that they were often not recognized by the speech recognizer, our
orthographic guidelines established that this type of words should be followed by a comma
or full stop, when occurring turn-initial, or delimited by commas, when occurring in utterance
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internal positions. Here, the punctuation marks are a way to demark these words, pointing out
that a more thorough linguistic analysis of such bracket regions was needed. This analysis was
accomplished by listening to all the examples and checking syntactic detachment, contexts,
and metalinguistic functions. After the manual identification of the DMs, all the occurrences of
those markers were automatically extracted from both corpora, with the respective beginning
and end time in the utterance.
5.1.1 Ambiguous DMs
The data-driven selected inventory was then subject to evaluation by two experts who
jointly revised the ambiguous cases. Some highly ambiguous structures were disregarded as
não é (’isn’t it’), e (‘and’), mas (‘but’), and porque (‘because’). The first one was considered to be
more a tag question rather than a discourse marker. In previous studies (Moniz et al., 2011;
Moniz, 2013), não é (’isn’t it) was already included as a sentence-like unit type, specifically as
a tag question, in the same corpora used for the present work. Moreover, we also consider
that não é (’isn’t it’) contradicts the type of DMs targeted in this study, namely DMs with no
propositional content. As for e (‘and’) or mas (‘but’), they were only included when co-occurring
with other markers. In the prospection of the data, we found that e (‘and’) and mas (‘but’) were
being used in two distinct ways: (i) as connectors with propositional content, and (ii) as truly
discourse markers with interpersonal information, in the sense of Beeching (2017). In the case
of porque (‘because’), we found that it only occurred in coherence relations with the previous
speech turn. In most instances, especially in the lectures corpus, those conjunctions were being
used with propositional content. Since we aim at performing a general characterization of
discourse markers and not to explore the functions of each marker individually, we decided
not to include these structures when they do not co-occur with other discourse markers. On
the other hand, we choose to include two frequent connectors, portanto (‘so’, ‘like’) and agora
(‘now’), given the fact that both, when occurring turn-initial, can be omitted or replaced by a
filled pause, for example, without compromising the propositional content of the discourse.
Even though affirmative cue words can also be considered as discourse markers, we choose
not to include them in this selection. In previous studies (Cabarrão, 2013; Cabarrão et al., 2016),
we found that these structures, namely sim ’yes’; exacto/exactamente ’exact/exactly’; certo ’cer-
tainly’; grunts (humhum and hum); é, frozen form of the verb ser (’to be’), occur mainly with
three different pragmatic functions in the dialogue corpus (CORAL): agreement – the speaker
accepts the previous utterance as true; auto positive/backchannel – the signal was well inter-
preted and the listener is still paying attention; and confirm – answers to yes-no questions and
check questions. Even though ok also occurs mainly as a positive answer in this corpus, we
include it in the current list of DMs as well. After listening to several examples, we observed
that, in the corpus of university lectures (LECTRA), ok is produced by the teachers mainly as
a turn-initial and final cue, and not as a feedback structure. Given that, in the LECTRA cor-
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pus, all instances of ok were considered. In the CORAL corpus, all instances of ok produced
after an interrogative were excluded, in order to minimize their occurrence as an affirmative
answer. Gravano (2009) also mentioned that affirmative cue words can convey different prag-
matic functions, such as backchannel responses; explicit turn-yelding cues, mainly at the end
of a sentence; and cues to start a new conversational turn.
This selection process was time consuming and led to some difficult decisions, specifically
in what regards solving ambiguities, and distinguishing between structures that act as con-
nectors, which by definition have semantic content and link one or more units of speech, and
our target structures, structures that are very frequent in spontaneous speech, do not have
semantic content, and can be detached from the utterance without compromising its proposi-
tional content. Nonetheless, our main focus is not the characterization of specific markers, but
the identification and classification of a specific branch of the vast class of discourse markers.
From a computational perspective, defining the main acoustic-prosodic characteristic of these
structures will allow a faster automatic recognition of these structures, leading to a decrease of
the error rates. After this initial analysis, the door will be open to analyze each type of struc-
tures found and their specific properties, both pragmatically and prosodically. Summing up,
we had to find a balance between the linguistic analysis and substantial samples of each class
to perform the classification task.
5.1.2 Turn-initial position
The fact that discourse markers occur mostly in turn-initial position (65% of the total dis-
course markers found in the dialogues and about 34% in the lectures), and that we aim at
analyzing entrainment at turn-exchanges (similarities between the end of a turn with the be-
ginning of the next one) were very crucial criterions and informed our decision of analyzing
exclusively structures in this position. Nonetheless, we are aware that several discourse mark-
ers occur in other positions in the utterance for both corpora (see Table 6.1). The comparatively
smaller frequency of turn-initial discourse markers in the LECTRA corpus is mostly due to the
high frequency of filled pauses occurring in that same position in the lectures (see section 6.1).
Moreover, a single discourse marker (portanto) accounts for 39% of the total DMs in lectures.
Since we want to analyze the acoustic-prosodic behavior of DMs inventory in EP and not a
single marker, we maintained the turn-initial analysis also in lectures. The motivation for this
methodological choice is fourfold: (i) turn-initial is the most frequent location for a discourse
marker per se in dialogues; (ii) turn-initial is also the main location for disfluencies, both in the
lectures and the dialogues; and (iii) turn-initial is the location more prone to trigger automatic
speech recognition errors (Goldwater et al., 2010); (iv) turn-initial with adjacent silent pauses
corresponds to inter-pausal units (e.g. Levitan et al., 2015; Gravano et al., 2011), a very rele-
vant unit of analysis for the study of discourse markers, in particular, and for the perception
and production of communicative management in spoken dialogue systems, in general. The
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inter-pausal unit may correspond to major or intermediate phrasal boundaries, with a break
index of 3 or 4, respectively, meaning temporal or melodic breaks between words, usually si-
lence and/or distinct pitch contours (Pierrehumbert and Hirschberg, 1990). Moreover, there
are also discourse markers at the beginning of a turn uttered in co-articulation with the follow-
ing words, with no silent pause and mostly deaccented. Henceforth, turn-initial will be used
covering the three prosodic patterns described: (i) with a major or intermediate phrasal bound-
ary; (ii) in co-articulation with the following words; and (iii) with no silent pause and mostly
deaccented.
In this selection process, we also included the combination of the same marker with other
markers, as well as different variations of the same marker, to account for as many markers as
possible. For instance, when a marker is preceded by e or mas, we account all of the occurrences,
like então and mas então. In cases such as ouve or ouça, we also considered both occurrences, even
though we grouped the examples, as seen in Table 5.1. Only portantos and prontos, a variation of
portanto and pronto, were not grouped, given the fact that these words correspond to a deviation
from the standard EP. These correspond to a jargon form only allowed in speech, but not in
text. Nonetheless, the criteria was that the co-occurrence of different markers and variations of
the same marker had to respect the definition of DMs followed in this work. When studying
affirmative constituents in the CORAL corpus, Cabarrão (2013) also found that these structures
shared the same pragmatic function when they co-occurred in the same turn. Moreover, results
also showed evidences of tonal copy and acoustic correlations between the first and second
affirmative constituent. We can therefore hypothesize that, similarly to affirmative constituents,
when DMs co-occur, they share the same pragmatic function and present a similar acoustic-
prosodic behavior.
From the corpus of university lectures and dialogues, we selected around 60 units as dis-
course markers. Table 5.1 presents the different combinations of DMs found in the university
lectures corpus (LECTRA) and in the dialogues corpus (CORAL), with the corresponding per-
centages of occurrence in each corpus.
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DMs LECTRA CORAL DMs LECTRA CORAL
(E)$Portanto$/$(and)$ok,$so,$like$ 38,5% 19,1% Até$agora$/$so$far 0,2% 0,0%
Ok$/$ok$ 10,0% 15,3% (E)$já$agora$/$(and)$by$the$way 0,2% 0,1%
(Mas)$Então$/$(but)$so,$then$ 8,8% 21,4% Desculpem(a)$lá$/$excuse$me$ 0,2% 0,7%
(E/Mas)$Agora$/$(and/but)$now 10,3% 5,3% Pá$/$man$ 0,2% 0,2%
Ou$seja$/$meaning$ 3,7% 0,4% Pois$é$/$that’s$right$ 0,2% 0,2%
E$depois$/$and$then$ 3,5% 6,8% Vamos$lá$ver$/$let’s$see$that$ 0,2% 0,5%
(E/Mas)$Pronto$/$(and/but)$ok,$yes,$that's$it 3,5% 16,3% Tomem$lá$atenção$/$pay$attention 0,1% 0,0%
Pois$/$ok,$yes$ 0,4% 3,3% Então$(isto)$agora$/$so$(now)$this$ 0,1% 0,5%
A$seguir$/$next 1,9% 2,9% Então$é$assim$/$so$this$is$it$ 0,1% 1,3%
Ó$jovem/pessoal)$/$hey$(youngman/guys)$ 1,8% 0,0% Entretanto$/$meanwhile$ 0,1% 0,2%
(Mas)$É$assim$/$and$so$ 1,5% 2,3% Ora$bom$/$well$ok$ 0,1% 0,0%
Se$calhar$/$maybe$ 1,5% 0,3% Agora$é$assim$/$now$it's$like$this 0,0% 0,1%
Ora$bem$/$well$ 1,3% 0,4% Portantos$/$ok,$so,$like$ 0,0% 0,0%
Bom$/$well 1,2% 0,1% Prontos$/$ok,$yes$ 0,0% 1,5%
Olha;$olhe$/$hey$look$ 1,2% 0,3% Então$a$seguir$/$so$next$ 0,0% 0,1%
Atenção$/$attention 1,1% 0,0% Olha$lá$/$hey$look$ 0,0% 0,0%
Muito$bem$/$ok;$very$well$ 1,0% 0,0% Ora$então$agora$/$well$now$this$ 0,0% 0,0%
De$facto$/$indeed$ 0,8% 0,0% Ora$isto$/$well$this$ 0,0% 0,0%
Ora$/$well$ 0,6% 0,1% Ora$vejamos$/$well$let’s$see$ 0,0% 0,0%
Por$acaso$/$actually$ 0,6% 0,1% Ouve;$ouça$/$listen 0,0% 0,0%
Bem$/$well 0,5% 0,1% Pois$bem$/$well$then$ 0,0% 0,0%
Quer]se$dizer;$$quer$dizer$/$I$mean$ 0,5% 0,3% Pois$então$/$ok$then$ 0,0% 0,0%
Tudo$bem$/$ok,$yes$ 0,5% 0,2% Pois$muito$bem$/$ok$ 0,0% 0,0%
Eh$pa;$$epá$/$hey$man$ 0,4% 0,1% Vamos$lá$/$let’s$go$ 0,0% 0,1%
(Mas)$Enfim$/$(but)$anyway$ 0,5% 0,1% Vamos$lá$(a)$começar$/$let’s$begin$ 0,0% 0,2%
(Mas)$Eu$agora$/$(but)$I$now 0,3% 0,0% Vamos$lá$estar$então$/$let’s$go$then$ 0,0% 0,0%
Table 5.1: List and percentage of DMs in the lectures, and in the dialogues.
This prospection of the data was based on the fact that no a priori systematic selection
of discourse markers was available in EP and our analysis relies on substantial spontaneous
material. The data driven approach ultimately targeted an homogenous criteria: turn-initial
discourse markers, syntactically detachable, with no propositional content, with exclusively
metalinguistic function, and very frequent in spontaneous speech.
5.2 Sets of acoustic-prosodic features
Our experiments are based on three sets of features, automatically extracted using the
openSMILE toolkit (Eyben et al., 2010), a toolkit capable of extracting a very wide range of
acoustic-prosodic features that has been successfully applied to a number of paralinguistic clas-
sification tasks, including disfluency prediction (Schuller et al., 2013).
5.2.1 IS13
The first set of features, henceforth referred as IS13, is derived from the Interspeech 2013
Paralinguistic challenge (Schuller et al., 2013), and corresponds to 6125 speech features calcu-
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lated by applying segment-level statistics (means, moments, distances) over a set of energy,
spectral and voicing related frame-level features.
5.2.2 GeMAPS
The second set of features corresponds to GeMAPS, the Geneva Minimalistic Acoustic Pa-
rameter Set for Voice Research and Affective Computing (Eyben et al., 2016). This is a set of
functionals based on a set of low-level descriptors, totaling 62 acoustic parameters (see the list
of features in A). These features are derived from:
• frequency related parameters, such as:
– Pitch - logarithmic f0 on a semitone frequency scale, starting at 27.5 Hz - semitone 0;
– Jitter - deviations in individual consecutive f0 period lengths; and
– Formant 1, 2, and 3 frequency - centre frequency of first, second, and third formant;
• energy related parameters, as for example:
– Shimmer - difference of the peak amplitudes of consecutive f0 periods;
– Loudness - estimate of perceived signal intensity from an auditory spectrum; and
– Harmonics-to-Noise Ratio – HNR, relation of energy in harmonic components to en-
ergy in noise-like components;
• spectral parameters, like:
– Alpha Ratio - ratio of the summed energy from 50–1000 Hz and 1–5 kHz;
– Hammarberg Index - ratio of the strongest energy peak in the 0–2 kHz region to the
strongest peak in the 2–5 kHz region;
– Spectral Slopes 0–500 Hz and 500–1500 Hz - linear regression slope of the logarithmic
power spectrum within the two given bands;
• temporal features, such as:
– LoudnessPeaksPerSec - the number of loudness peaks per second;
– VoicedSegmentLengthSec - mean length and the standard deviation of continuously
voiced regions;
– UnvoicedSegmentLength - mean length and the standard deviation of unvoiced re-
gions.
The inclusion of this particular set is motivated by: (i) their usefulness in a wide range of
paralinguistic tasks; (ii) the substantial dimensionality reduction regarding the IS13 features;
and (ii) the faster classification of structural metadata events, with comparable results.
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5.2.3 eGeMAPS
Finally, the eGeMAPS (Eyben et al., 2016), corresponding to an extended version of
GeMAPS, comprises a set of 88 features (see the list of features in A). The additional features are
the following: spectral parameters (Mel-Frequency Cepstral Coefficients 1–4, MFCC, and Spectral
flux difference of the spectra of two consecutive frames); frequency related parameters (Formant
2–3 bandwidth added for completeness of Formant 1–3 parameters); and functionals (such as
arithmetic mean, coefficient of variation, and formant bandwidths functionals applied only in voiced
regions).
5.3 Machine learning methods
After extracting the acoustic-prosodic features of discourse markers (see the list of DMs
in Table 5.1), of disfluencies, and SUs with the aforementioned three sets of features, we have
applied a wide range of machine learning methods by means of the open source toolkit Weka
(Hall et al., 2009), in the scope of the discrimination between different structural metadata
events. The best results were consistently achieved by Logistic Regression (LR) and Support
Vector Machines (SVM), this latter using the Sequential Minimal Optimization (SMO) algo-
rithm. For that reason, results reported here concern exclusively these two methods. We ap-
plied the ZeroR classification method from Weka to select the most frequent class, representing
our baseline. The experiments reported here are based on 5-fold cross validation, thus cover-
ing all the data both for training and for evaluation. We have also performed 10-fold cross-
validation experiments, but the corresponding experiments take about twice the time and re-
sults turned out to be very similar. The parameter C (complexity) used in SVMs defines the
complexity of the model. The default value (C=1.0), commonly used in similar experiments,
proved to be a good choice for the two smaller feature sets (GeMAPS and eGeMAPS), taking
into account other additional experiments with different combinations of C not reported here.
However, for the large feature set (IS13), the default value usually leads to poor performance,
while taking several days to run, sometimes more than a week. For that reason, based in a
previous work with disfluencies (Moniz et al., 2015), we have set C to 0.01 for this feature set,
which also proved to be suitable for the features in use while achieving a good speed per-
formance. We did not tune this parameter in our cross-validation experiments, but we have
tested other values of C in order to make sure that the parameter was correctly chosen. The
results were evaluated using the following standard performance metrics: Precision, Recall,















TP + FP + FN + TN′
(5.4)
where TP is the number of hits (true positives), TN is the number of correct rejections (true
negatives), FP is the number of false alarms (false positives), and FN correspond to the number
of misses (false negatives). Our experiments are also measured in terms of the Kappa statistic,
a chance-corrected measure of agreement between the classifications and the true classes. A
value close to zero indicates that results could be achieved almost by chance; whereas a value
close to 1.0 means that the model is adequate to the problem.
5.4 Summary
This chapter focused on the discourse markers selection process. Following a data-driven
approach, we selected as target structures turn-initial discourse markers, that were syntacti-
cally detachable, and had no propositional content. Then, we presented the sets of acoustic-
prosodic features used (IS13, GeMAPS, and eGeMAPS), and the machine learning experiments
applied to distinguish between these structures and SUs and disfluencies.
6Cross-domain analysis of discoursemarkers
In this chapter, there are two main goals: (i) a linguistically oriented goal, to describe the
acoustic-prosodic properties of discourse markers in EP; and (ii) a machine learning goal, to
classify and discriminate between metadata events, i.e., discourse markers, disfluencies, and
SUs. First, we aim at describing the distribution of discourse markers in different corpora in EP,
namely university lectures, map-task dialogues, and tweets. Secondly, we also aim at perform-
ing a multiclass automatic classification to verify which segments are classified as discourse
markers, which are disfluencies, and which are SUs. In order to do so, we have performed intra-
domain and cross-domain multiclass classifications based on three sets of acoustic-prosodic
features. With the outcome of the applied machine learning methods, we have performed an
analysis of the most relevant prosodic features that can be used to characterize the discourse
markers, and ranked the most prominent acoustic-prosodic features in the discourse markers,
disfluencies, and SUs.
With this cross-domain analysis of discourse markers, we aim to identify distinctive
acoustic-prosodic features between structural metadata events, so that we can also understand
how they influence entrainment between speakers at turn-exchanges.
6.1 Distributional patterns
6.1.1 Speech corpora
The dialogue corpus has a total of 1719 discourse markers and the lectures corpus has a to-
tal of 4840, which correspond to 3% of the total number of words in each corpus. Out of the total
of discourse markers found, 65% occur in the initial position in the dialogues, and 34% in the
lectures. Even though we focused our analysis on markers that occur turn-initial (see section
4.2), we also found that the same marker can occur both turn-initial and in any other position
in the utterance, even at sentence final position, due to overlapping speech and turn-taking
strategies. Looking only at the most frequent discourse markers (Table 6.1), results show that
the most common in the dialogue corpus are então (14% turn-initial and 7% in other positions),
portanto (12% and 7%), pronto (12% and 3%), and ok (14% and 2%). As for the university lectures
corpus, the most frequent discourse markers are portanto (13% of occurrences turn-initial, and
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Turn%initial* Other*positions* Turn%initial* Other*positions*
N(%) N(%) N(%) N(%)
(E)$Portanto*/*(and)*ok,*so,*like* 206*(12.0%) 122*(7.1%) 612*(12.6%) 1248*(25.8%)
(E)$Agora*/*(And)*now *42*(2.4%) 49*(2.9%) 136*(2.8%) 351*(7.3%)
Então*/*So 245*(14.3%) 122*(7.1%) 203*(4.2%) 223*(4.6%)
(E)$Pronto*/*(And)*ok,*yes,*that's*it 197*(11.5%) 56*(3.3%) 65*(1.3%) 94*(1.9%)
Ok 232*(13.5%) 31*(1.8%) 157*(3.2%) 347*(7.2%)
E$depois*/*And*then 29*(1.7%) 88*(5.1%) 33*(0.7%) 136*(2.8%)
Ou$seja*/*Meaning 3*(0.2%) 4*(0.2%) 27*(0.6%) 150*(3.1%)
Pois*/*Ok,*yes 51*(3.0%) 6*(0.3%) 18*(0.4%) 3*(0.1%)
(Mas)$É$assim */*So 15*(0.9%) 24*(1.4%) 11*(0.2%) 63*(1.3%)
Bom*/*Well 2*(0.1%) 0*(0.0%) 45*(0.9%) 11*(0.2%)
Olha*/*Look 1*(0.1%) 5*(0.3%) 6*(0.1%) 50*(1.0%)
Ora$bem*/*Well 6*(0.3%) 1*(0.1%) 63*(1.3%) 0*(0.0%)
Prontos */*jargon*variation*of*pronto 17*(1.0%) 8*(0.5%) 0*(0.0%) 0*(0.0%)
*****Discourse*Markers
CORAL LECTRA
Table 6.1: Most frequent discourse markers in both corpora.
26% in other positions in the utterance), agora, ok (both with 3% turn-initial, and about 7% in
other positions), and então (4% in all positions). The remaining discourse markers are quite
residual in the corpus. In university lectures, teachers often use these structures to stall time,
while they plan the subsequent units and their cohesion nexus. In map-task dialogues, the
speakers have shorter interactions in a faster pace, structured on the basis of question-answer
for clarification and information-seeking purposes.
Considering that both discourse markers and disfluencies, specifically filled pauses, are
part of structural metadata events (Liu et al., 2006; Ostendorf et al., 2008; Popescu-Belis and
Zufferey, 2011), the fact that they occur mainly in the beginning of an utterance, and seem to,
for instance, share the same function of stalling time or starting a new topic in the conversation,
we wanted to find out if those events are in complementary distribution or in co-occurrence.
In the university lectures corpus, there is no register of disfluencies before a discourse
marker. However, immediately after, we find about 104 cases of disfluencies, of which 62%
correspond to substitutions, 17% to filled pauses, and 10% to repetitions (for a detailed de-
scription of the disfluency distribution in these corpora, see Moniz, 2013). This distribution
can be explained by the nature of the corpus. We can assume that, because teachers are skilled
professionals, after using the beginning of the utterance with the discourse marker, they do not
feel the need to produce a disfluency. In this case, we can assume that they are in complemen-
tary distribution. These results are not in line with the findings of Heeman and Allen (1999),
since the authors found that discourse markers tend to occur mainly after speech repairs or as
part of the editing term. This is used as a strategy to facilitate the identification of the repair
itself.
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In the dialogues, the number of disfluencies increases both before and after a discourse
marker. A total of 41 disfluencies were produced before a discourse marker in the beginning of
a sentence and 93 after. 85% of the 41 disfluencies were filled pauses and the remaining ones
were deletions, fragments, substitutions, and repetitions. As for disfluencies after the discourse
marker, the distribution is more balanced: 35% were filled pauses; 31%, substitutions; 26%, rep-
etitions. The remaining disfluencies are quite residual. Figure 6.1 is an example of a sequence
of the discourse marker pronto, corresponding to an independent intonational unit character-
ized by H+L* L%, a frequent melodic contour for nuclear declaratives in EP, contrasting with a
disfluent unit (marked by angular brackets), namely a filled pause with a characteristic plateau
contour, H* H%. Again, we can say that the higher number of disfluencies adjacent to dis-
course markers in the dialogues may be due to the fact that the conversation did not have
any pre-planning and that the interactions between participants are faster, quite dynamic, and
under temporal constraints.
Figure 6.1: Example of a disfluency following the marker pronto in the dialogue excerpt: Pronto.
<at- %aa> (‘Ok. <at- %aa>’).
6.1.2 Collection of tweets
In the collection of tweets, turn-initial discourse markers account for about 3% (48,717)
of the total of words of the corpus (1,525,437). Since the tweets are limited in size, they tend
to resemble a turn. Even though this corpus presents characteristics of oral communications
(Brogueira et al., 2014a), it is, in fact, written and uses colloquial expressions, which implies
that there are word contractions and also reductions, mimicking the frequent vowel/syllable






Ó$pá;$opá;$opah)/)variations of oh men 916)(1.9%)
Pronto)/ Ok, yes, that's it 875)(1.8%)
Ya / Yes 849)(1.7%)
Tipo)/)Like 817)(1.6%)
Fogo)/)Damn 812)(1.6%)
Ainda$por$cima  / On top of that 582)(0.6%)
A$cena$é que / The thing is that 275)(0.3%)
Well) 126)(0.3%)
Table 6.2: Most frequent discourse markers in the collection of tweets.
reductions in speech. Sometimes, some of these words can be confused with discourse markers,
like in the case of pá (‘men’) and pá praia (‘to the beach’ produced with the contraction of para
and a). This represent an additional challenge in identifying discourse markers in this corpus.
Considering that this is a preliminary analysis to collect and understand what type of words are
used as discourse markers in this domain, we chose not to account here for these ambiguous
cases, in line with what was previously said about the discourse markers inventory and its
discriminative properties (see Chapter 5).
Results show that, out of the 48,717 discourse markers selected, the most frequent ones are
agora, with 13%, bem, with 10%, ok, with 8% and ó, oh, with 7% (see Table 6.2). The remaining
discourse markers are quite residual in the corpus. The most frequent markers in the tweets
are similar to those found in both lectures and dialogues. However, the type of markers found
in the collection of tweets also differs from those in the other corpora. Discourse markers
like ya, tipo, and fogo are very colloquial and not accepted in a more formal context. Another
specificity of this corpus is the fact that their users alternate between Portuguese and English
(code-switching process), as seen by the co-occurrence of the discourse markers well and bom,
both with the same meaning. Below there are some examples in order to better understand in
what contexts these specific discourse markers occur:
1. ya, amanhã tenho dos jogos mais importantes e estou aqui (‘yeah, tomorrow I have one of the
most important games of my life and I’m here’);
2. tipo nao critikem a nha maneira de escrever aki pk tipo ya este é o meu twitter e eu escrevo o ke
kizer como me apetecer kkkkk (‘like don’t judge the way I write here, cause like this is my
twitter and I’ll write whatever I want kkkk’);
3. Fogo hoje tipo que vou ficar todo o dia em casa :( (‘Damn today I’m like going to stay all day
6.2. SPEAKER-WISE ANALYSIS 45
home’);
4. A cena é que tou cansada. (‘The thing is I’m tired’);
5. Well vou voltar para salvaterra cuz need jantar. (‘Well I’m going back to salvaterra cuz need
dinner.’).
Considering that these examples mimic the speech structures in tweets, we can add a contri-
bution to the findings made by Brogueira et al. (2014a) in their characterization of these users.
This is clearly a young population that uses Twitter to share their thoughts and opinions. Dis-
course markers are produced here almost like fixed expressions, which are used to start the
utterances, but appear to be deployed of any semantic content. They are rather used as inter-
jections, conversational fillers, and/or emphatic expressions, such as A cena é que.
6.2 Speaker-wise analysis
It is known that disfluencies and sentence types (as tag questions) are speaker and domain
dependent (Moniz et al., 2011; Moniz, 2013). In this section, we aim at verifying if discourse
markers, as part of structural metadata events, can also copy with speaker and domain varia-
tion.
The overall distribution of discourse markers by speakers reveals that they tend to use
similar markers in the same domain, but with different combinations, such as ora, ora bem and
ora bom or even portanto , e portanto, portanto é assim. Results also show that their distribution
varies substantially across speakers. For instance, the most common discourse marker in the
lectures corpus is not produced by all speakers or in the same proportions: portanto is produced
40% of the times by only one speaker (S7) and 29% by another (S3).
In dialogues, there is also speaker variation but in a less expressive way than in the lectures.
Results show that então, the most common discourse marker, is produced almost 10% of the
times by two speakers (S7 and S9), a percentage that drops for less than 8% for all the other 22
speakers.
There is also one discourse marker, namely ok pronounced as [O´kap6] that is only pro-
duced by one speaker (S17) which may suggest, similarly to portanto in LECTRA’s speaker S7
production, that the selection of discourse markers is influenced by the personal choices of each
speaker. Moreover, there are also discourse markers, like olhe, olha, olha lá, that mostly occur in
the lectures (78% of the times is produced by speaker S6, and 19% by speaker S3) and are very
scarce in dialogues. This marker functions as a deictic to make the student aware of a particular
set of information available in the slides or the dashboard. Other discourse markers (ó jovem, ó
pessoal) used by the same two teachers (S3 and S6) are vocative expressions to call attention to
the content when the students are distracted. These do not occur in the dialogues.
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We can also state that there are discourse markers that only occur in one corpus but not in
the other, like prontos. In this particular case, the use of the jargon form of pronto shows that
there is a less formal environment between speakers in the dialogues corpus, since they use
a more colloquial speech, opposing to the more formal discourse associated with university
lectures.
In conclusion, there is a more or less fixed set of discourse markers in the dialogues shared
by almost all the speakers, while the lectures present a higher variation per speaker. Previ-
ous results for the same dialogue corpus show smaller duration patterns for disfluencies, their
adjacent contexts, silent pauses and turns, evidencing the dynamic temporal characteristics of
dialogues (Moniz et al., 2014). Additional to this analysis, selecting a fixed set of discourse
markers may contribute to the faster distribution of information, as if the speaker used a fixed
set of discourse markers as a working memory strategy towards temporal fluidity.
6.3 Automatic classification
The automatic classification task comprised the following experiments: an intra-domain
and a cross-domain comparison, as well as the analysis of the most relevant features and
acoustic-prosodic patterns of structural metadata events.
6.3.1 Intra-domain classification
The number of instances and distribution of discourse markers, disfluencies, and SUs is
quite different for both corpora, the dialogue corpus contains 6381 SUs, 1834 disfluencies, and
723 discourse markers, and the lectures corpus accounts for 16273 SUs, 6618 disfluencies, and
1359 discourse markers (see the distribution per corpora in Table 6.3). This unbalanced data
presents an additional challenge for the classification approaches that may lead to biased re-
sults towards the most common class, namely SUs.






Table 6.3: Number of instances for LECTRA and CORAL.
Table 6.4 presents the automatic classification results for each corpus, together with the
baselines of 71.4% and 67.1%, corresponding to the most frequent class for each corpus. The
6.3. AUTOMATIC CLASSIFICATION 47
Corpus Feature	set Classifier
Overall Discourse	Markers Disfluencies




SVM	(C=1) 77.1% 0.328 1.000 0.001 0.003 0.760 0.395 0.520
LR 79.1% 0.459 0.573 0.373 0.452 0.711 0.457 0.556
eGeMAPS
SVM	(C=1) 78.0% 0.381 0.660 0.131 0.219 0.749 0.418 0.537
LR 79.4% 0.478 0.601 0.447 0.513 0.703 0.469 0.562
IS13
SVM	(C=0.01) 84.1% 0.605 0.778 0.625 0.693 0.771 0.557 0.647




SVM	(C=1) 83.1% 0.614 0.624 0.364 0.460 0.799 0.655 0.720
LR 83.3% 0.629 0.599 0.481 0.534 0.788 0.671 0.725
eGeMAPS
SVM	(C=1) 83.5% 0.625 0.605 0.394 0.477 0.812 0.657 0.726
LR 83.9% 0.643 0.610 0.507 0.554 0.800 0.679 0.735
IS13 SVM	(C=0.01) 86.8% 0.709 0.760 0.623 0.685 0.831 0.734 0.780
Table 6.4: Classification results for unbalanced data.
table shows an overall better performance for the university lectures, despite the baseline be-
ing lower, which can be partially explained by the higher number of speakers on the dialogues
(7 vs. 20 speakers), corresponding to a higher speaker variation. That is also reflected in the
kappa values, all of them above 0.60 for the lectures. The acoustic-prosodic features in use al-
low for very significant improvements relatively to the baseline: 20% for the university lectures
and 13% for dialogues. The best results were achieved using the SVMs and the IS13 feature set,
achieving an Accuracy of about 84% and 87%. However, the two other smaller feature sets also
proved to be a good choice for discriminating discourse markers, especially when used in com-
bination with LR. On the other hand, LR consistently achieved quite low performances when
applied to the IS13 feature set while also taking several days to run. The GeMAPS and their
extended version proved to achieve a considerable performance while taking minutes to run,
instead of hours and even days. The last 6 columns show individual performance results for
discourse markers and disfluencies. In what concerns dialogues, SUs achieve 85.9% Precision
and 94.7% Recall, disfluencies achieve 77.1% Precision and 55.7% Recall, and discourse makers
achieve 77.8% Precision and 62.5% Recall, revealing that discourse markers are easier to classify
than disfluencies, in general. That is not the case of university lectures, where discourse mark-
ers are the most difficult class to identify and to classify, achieving 76% Precision and 62.3%
Recall, while disfluencies achieve 83.1% Precision and 73.4% Recall. It is interesting to notice
that the model created using GeMAPS and SVMs for dialogues achieved 100% Precision with a
very low recall. That is because the model classified only one event as a discourse marker and
it turned out to be correct.
As previously mentioned, the data is considerably unbalanced, thus making it more diffi-
cult for the machine learning method to classify discourse markers. Table 6.5 shows the confu-
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Unbalanced	and	Intra-domain
Dialogues Lectures
Classified	as	=> SU Disf DM SU Disf DM
SU 6041 264 76 SU 15349 773 151
Disfluency	(Disf) 759 1022 53 Disf 1642 4859 117
Discourse	Marker	(DM) 231 40 452 DM 297 215 847
Table 6.5: Confusion matrix for unbalanced data, achieved using the IS13 feature set and SVMs.
sion matrix for the two corpora, revealing that the class SUs is, in fact, the class selected more
often, followed by disfluencies and, finally, discourse markers.
In order to prevent biasing the models towards the most frequent class, we have balanced
the data and conducted the remaining experiments over the balanced version of the data (see
Table 6.3). We have considered the frequency of the discourse markers, the least frequent class
in each corpus, as the number of samples to select for each class. So, for dialogues we have
selected 723 samples of each class and for university lectures, this number was extended to
1359. The balanced version of the data was achieved by means of the filter SpreadSubsample
available on Weka. The corresponding results are presented in Table 6.6, once again revealing
that SVMs produce the best performance when the IS13 feature set is used. Notice that the
Accuracy baseline is now 33.3% and that these results should not be directly compared with
the results from Table 6.4. Kappa values are considerably high for both corpora, revealing that
we achieved good models for the three structures. The last six columns show an impressive
F-measure performance of 82.9%-87.5% for discourse markers, revealing that these structures
can be fairly predicted with our models. Notice however that the discourse markers considered
are exclusively turn-initial while disfluencies include all possible types of disfluency in distinct
positions of the corpus. Their classification performance is now better than for disfluencies,
even on the university lectures.
6.3.2 Cross-domain classification
In order to verify how robust our classification is across domains, we conducted additional
experiments in a cross-domain evaluation scenario, using the training data from one corpus
and the other corpus for testing. Thus, to test if the model trained with the university lec-
tures would generalize for the dialogues, we trained the models with the balanced data from
LECTRA and tested on CORAL, and vice-versa.
Table 6.7 shows the corresponding results. It is known that by using out-of-domain data
the performance decreases so, as expected, results are worse than the ones achieved using data
from the same domain. In fact, the Accuracy performance decreases about 11%-12% absolute.
However, the performance achieved suggests that data from university lectures can still be
used to classify the events on the dialogues and vice-versa. The eGeMAPS feature set achieved
about 71% and 66% Accuracy in university lectures and dialogues, respectively, an impressive
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Corpus Feature	set Classifier Overall
Discourse	Markers Disfluencies
Acc Kappa Prec Rec F Prec Rec F
Baseline 33.2% 0
Dialogues
GeMAPS SVM	(C=1) 70.8% 0.562 0.693 0.823 0.752 0.753 0.591 0.662
LR 69.9% 0.548 0.701 0.791 0.743 0.717 0.624 0.667
eGeMAPS SVM	(C=1) 71.7% 0.576 0.709 0.835 0.767 0.750 0.620 0.679
LR 71.0% 0.564 0.729 0.798 0.762 0.700 0.639 0.668
IS13 SVM	(C=0.01) 77.9% 0.668 0.799 0.862 0.829 0.774 0.723 0.748
LR 49.1% 0.237 0.501 0.527 0.514 0.486 0.480 0.483
Lectures
GeMAPS SVM	(C=1) 78.4% 0.676 0.777 0.872 0.822 0.781 0.654 0.712
LR 79.3% 0.689 0.799 0.870 0.833 0.777 0.694 0.733
eGeMAPS SVM	(C=1) 78.8% 0.683 0.786 0.873 0.827 0.791 0.662 0.721
LR 79.4% 0.692 0.808 0.865 0.836 0.779 0.693 0.734
IS13 SVM	(C=0.01) 82.9% 0.744 0.835 0.918 0.875 0.817 0.732 0.772
Table 6.6: Classification results for balanced corpora.
Train	=>	Test Feature	set Classifier
Overall Discourse	Markers Disfluencies





SVM	(C=1) 69.5% 0.543 0.775 0.615 0.686 0.584 0.768 0.663
LR 68.5% 0.527 0.770 0.592 0.669 0.588 0.734 0.652
eGeMAPS
SVM	(C=1) 70.6% 0.559 0.736 0.698 0.717 0.638 0.695 0.665
LR 67.2% 0.509 0.745 0.547 0.631 0.625 0.667 0.646
IS13
SVM	(C=0.01) 68.0% 0.521 0.831 0.468 0.599 0.545 0.800 0.649





SVM	(C=1) 65.9% 0.488 0.671 0.704 0.687 0.702 0.546 0.614
LR 65.2% 0.479 0.705 0.622 0.661 0.651 0.609 0.629
eGeMAPS
SVM	(C=1) 66.0% 0.490 0.737 0.607 0.666 0.665 0.609 0.635
LR 63.4% 0.451 0.729 0.548 0.626 0.605 0.617 0.611
IS13
SVM	(C=0.01) 66.1% 0.491 0.758 0.629 0.688 0.609 0.665 0.636
LR 53.2% 0.298 0.643 0.398 0.492 0.492 0.568 0.527
Table 6.7: Cross-domain classification results for balanced corpora.
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Intra-domain
Dialogues Lectures
Classified	as	=> SU Disf DM SU Disf DM
SU 504 105 114 SU 1128 116 115
Disfluency	(Disf) 141 448 134 Disf 252 899 208
Discourse	Marker	(DM) 75 44 604 DM 51 121 1187
Cross-Domain
Lectures	=>	Dialogues Dialogues	=>	Lectures
Classified	as	=> SU Disf DM SU Disf DM
SU 553 109 61 SU 985 220 154
Disfluency	(Disf) 187 440 96 Disf 229 944 186
Discourse	Marker	(DM) 171 113 439 DM 94 316 949
Table 6.8: Confusion matrices for intra-domain and cross-domain results achieved with
eGeMAPS, balanced data, and SMO with C=1.
result when considering the small size of the feature set. The kappa statistic is between 0.666
and 0.717, also suggesting strong and suitable cross-domain models.
Table 6.8 presents four confusion matrices, achieved with the balanced data, showing the
most common correct and incorrect automatic classifications. All the matrices show a strong di-
agonal, revealing that our models, both intra-corpora and cross-corpora, perform correct classi-
fications most of the times. There is also clear evidence that discourse markers are better iden-
tified with in-domain data rather than cross-domain data, in line with what was previously
said concerning the distributional patterns of such events, i.e., they may occur exclusively in
one corpus or be more productive in one corpus than in the other. When using cross-domain
models, the most depicted tendency is to classify more discourse markers as disfluencies and,
in a smaller degree, to classify them as SU. This trend may also be explained by the shared
properties between discourse markers and certain types of disfluencies, mostly filled pauses,
behaving as vocalic supports with plateau contours (H* H-/%).
An interesting additional result is that, when using balanced data, our results suggest that
discourse markers are easier to identify than disfluencies, in both corpora, either using intra-
domain or cross-domain models. Disfluencies are recognized as one of the hardest structures to
detect amongst the structural metadata events (Moniz et al., 2016). It is also recognized that the
intonation of discourse markers are marker specific and they may share the melodic contours
of a neutral declarative in EP, H+L* L%, but they are uttered with a wide pitch range, very
distinctive from other units, and do tend to have distinct prosodic patterns.
These results allow us to hypothesize that our classification will generalize for different
out-of-domain corpora.
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6.3.3 Relevant features and acoustic-prosodic patterns of discourse markers
Automatic structural metadata events discrimination is a complex task, either due to the di-
versity of acoustic-prosodic and distributional patterns of such events and also to the prosodic
information they may share. However, despite the complexity of such structures, they have
discriminative prosodic behaviors captured by acoustic correlates. The data-driven analysis
that has been conducted for these structures in EP has striking discriminative sets of features
beyond the established theoretical evidences for Portuguese. This study is a contribution to the
analysis and discriminative behavior of discourse markers in EP, to the best of our knowledge,
completely absent in our literature, and adds to the previous studies on structural metadata
events a layer more to the understanding of the acoustic-prosodic behavior of such structures
(see 3). The automatic discrimination between classes of structural metadata events is feasible
because discourse markers have class properties.
Discourse markers are described as having different prosodic patterns: (i) as a major into-
national phrase (IP) (see Figure 6.2); (ii) as an intermediate intonational phrase (ip); (iii) deac-
cented and functioning as a clitic or an initial vocalic support (see Figure 6.3), with plateau
contours and f0 values lower than the following prosodic unit, and are, therefore, uttered in an
intermediate tonal space; (iv) with reduced f0 slopes relatively to the following prosodic unit
(e.g., então/‘so’ and pronto/‘ok’). Moreover, the pitch range of discourse markers behaves as
a continuum from a very compressed to a very wide range. The presence of a silent pause is
a strong cue to the assignment of a structural metadata event. The most salient features for
regular words are related to the absence of silent pauses, explained by the fact that, contrarily
to the other events (punctuation marks, disfluencies, and discourse markers), regular words
within phrases are connected.
The discourse marker agora (‘now’ – Figure 6.2) tends to be accented, with high f0 range
within the accented syllable, and with similar or higher f0 values than the adjacent prosodic
constituents. This shows that there is an effort to mark this word and to distinguish it from the
adjacent contexts. On the other hand, the markers portanto (‘so’ – Figure 6.3) and ok are mainly
unaccented, present plateau contours, and have f0 values lower than the following prosodic
unit. They are, therefore, uttered in an intermediate tonal space, almost as a vocalic support for
the following prosodic units. Both então (‘so’), pronto (‘ok’) and portanto (so) present reduced f0
slopes, even though the latter tends to be unaccented and the first one is mainly accented.
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Figure 6.2: Example of the discourse marker agora (‘now’) in the excerpt: Agora, isto que aqui está
<são> é apenas um conjunto de classes (‘Now, what we have here <are> is just a set of classes’).
Corpus of university lectures.
Figure 6.3: Example of the discourse marker portanto (so) in the excerpt: Portanto, contornaste
<a=> o solar dos mil amores por fora (‘So, you’ve passed the manor of a thousand loves from the
outside’). Corpus of dialogues.
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The prosodic contours can be distinct accordingly to their distribution, i.e., initial, medial
or final positions. Since we are targeting the turn-initial ones, the prosodic patterns of such
markers highly depend on the marker selected, meaning if it is mostly a deaccented portanto
(‘so’) vs. a prominent agora (‘now’), starting a new topic with a wide range of pitch and energy.
The fact that discourse markers are associated with different pragmatic functions may also
be an explanation for the variation found. We can hypothesize that the markers that have a
function similar to disfluencies, like stalling, may share with them some prosodic properties,
meaning the plateau contours contrasting with the rises in the following prosodic constituents.
Other discourse markers, such as agora (‘now’), introduce a new topic and are prosodically
prominent.
Feature Overall DM	vs.	Disf.
Dialogues Lectures Dialogues Lectures
slopeV500-1500_sma3nz_amean ***** ***** ***** ** 
slopeV0-500_sma3nz_amean ***** ***** ***** **** 
slopeUV0-500_sma3nz_amean ***** ***** ***** *****
slopeUV500-1500_sma3nz_amean ***** ***** ** *****
loudness_sma3_stddevNorm *** **** ** **** 
spectralFlux_sma3_stddevNorm **** **** *** 
loudness_sma3_percentile50.0 ** **** ** 
spectralFluxV_sma3nz_amean *** **** * * 
spectralFluxUV_sma3nz_amean *** *** *** * 
F3frequency_sma3nz_stddevNorm **** * ***** *** 
loudness_sma3_percentile20.0 ** *** * 
F1bandwidth_sma3nz_stddevNorm **** * * *** 
F0semitoneFrom27.5Hz_sma3nz_stddevNorm *** ** **** *****
jitterLocal_sma3nz_amean **** * **** ** 
MeanVoicedSegmentLengthSec ** *** **** *** 
StddevUnvoicedSegmentLength ** ** **** *****
F1frequency_sma3nz_stddevNorm **** *** 
MeanUnvoicedSegmentLength **** **** 
StddevVoicedSegmentLengthSec * ** *** **** 
F2frequency_sma3nz_stddevNorm * ** **** *** 
F3bandwidth_sma3nz_stddevNorm *** ** *** 
loudness_sma3_amean *** *** 
spectralFluxV_sma3nz_stddevNorm ** * * ** 
shimmerLocaldB_sma3nz_stddevNorm *** * 
Table 6.9: Top 25 most influent features.
Table 6.9 presents the most relevant features extracted from the set of eGeMAPS features
(see A) with in-domain data. The “*” indicates the most informative features, considering their
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weights extracted with Logistic Regression models – the higher number of “*”, the higher the
relevance. The ranking is distributed per corpora encompassing all the structural metadata
events and also per the most striking differences between discourse markers and disfluencies.
It is notorious that the most informative features are the pitch related ones and the energy.
Considering the prosodic characterization described above, this result may be interpreted as
pointing out to the different f0 slopes in the production of discourse markers, an evidence
more of the continuum in the pitch range of such structures.
The comparison of discourse markers and disfluencies in the same corpora allows us to
hypothesize that there is no clear criteria for either the inclusion or exclusion of disfluencies
into the broader class of discourse markers as a whole. It is our belief that data-driven stud-
ies based exclusively on acoustic-prosodic features shed light on the classification of discourse
markers, since they are generally defined as syntactically detached structures with no propo-
sitional content, and bring to light the discriminative prosodic behavior of disfluencies as a
legitimate subtype of discourse markers. In future work, we aim at tackling prosodic parame-
ters per discourse markers subtypes, bridging the acoustic-prosodic properties to the discourse
derived sub-categorization of this broad class.
6.4 Summary
This work presented our first attempt to describe discourse markers in two different cor-
pora in EP, namely university lectures, and map-task dialogues. Our goal was to analyze the
type of discourse markers used in the various domains. Results showed that the selection of
discourse markers is domain and speaker dependent. Even in the same corpus, there are speak-
ers that tend to use the same discourse marker and there are those who vary amongst several
structures.
In this multidisciplinary study, comprising both a linguistic perspective and a computa-
tional approach, discourse markers are also automatically discriminated from other structural
metadata events, namely SUs and disfluencies. As for their distributional patterns, our results
showed that markers and disfluencies tend to co-occur in the dialogue corpus, but have a com-
plementary distribution in the university lectures.
We have used three acoustic-prosodic feature sets and Machine Learning to automati-
cally distinguish between discourse markers, disfluencies and SU. Our in-domain experiments
achieved an Accuracy of about 87% in university lectures and 84% in dialogues. The GeMAPS,
and especially the eGeMAPS features, recently introduced for voice research and affective com-
puting and commonly used for other paralinguistic tasks, achieved a considerable performance
on our data. Our results suggest that turn-initial discourse markers are usually easier to classify
than disfluencies.
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We have also replicated the multiclass experiments in a cross-domain analysis in order to
evaluate how robust are the models across domains. The results achieved are about 11%-12%
lower than when in-domain data is used, but we have concluded that data from one domain
can still be used to classify the same events in the other.
In order to better understand the contribution of each feature, we have also analyzed the
impact of the features both in dialogues and university lectures. Pitch features, namely pitch
slopes, are the most relevant ones for the distinction between discourse markers and disfluen-
cies.
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7Methodology for entrainmentanalysis
This chapter describes the sets of acoustic-prosodic features used to analyze entrainment,
as well as the metrics applied. These are standard features and metrics already used in other
languages, to allow for a cross-language comparison. Our goal is both to perform a global
analysis of entrainment, focusing on the similarities between speakers per dialogue, and locally,
i.e., turn-by-turn within the same conversation. Moreover, regarding local entrainment, we
also aim to examine how acoustic-prosodic similarities vary with distinct structural metadata
events, namely types of SUs in consecutive turns (e.g. interrogatives followed by declaratives,
or both declaratives), and with the presence of specific structures in the beginning of turns (e.g.,
discourse markers, affirmative and negative cue words, disfluencies).
7.1 Sets of acoustic-prosodic features
The sets of acoustic-prosodic features were extracted for each SU, and their mean values
were calculated per speaker in each dialogue. For the global entrainment analysis, two sets
of features were used, namely knowledge-based features, and GeMAPS. For local entrainment
analysis, we used eGeMAPS. Both GeMAPS and eGeMAPS were also used in the analysis of
discourse markers.
7.1.1 GeMAPS and eGeMAPS
As previously mentioned in Chapter 5, the sets of features GeMAPS and eGeMAPS cor-
respond to the Geneva Minimalistic Acoustic Parameter Set for Voice Research and Affective
Computing and to its extended version, respectively (Eyben et al., 2016). GeMAPS is a set of
functionals based on a set of low-level descriptors, totaling 62 acoustic parameters (see the list
of features in A). The extended version, eGeMAPS (Eyben et al., 2016), comprises a set of 88
features (see the list of features in A). These set of features are very useful in a wide range of
paralinguistic tasks.
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7.1.2 Knowledge-based features (KB)
The set of KB features, i.e., linguistic oriented features, comprises: duration of speech with
and without internal silences, pitch (f0), and energy normalized maximum, minimum, aver-
age, mean, and standard deviation, as well as pitch and energy slopes. Duration measures
encompass: articulation rate (number of phones or syllables per duration of speech without in-
ternal silences); speech rate (number of phones or syllables divided by the duration of speech
with internal silences), and phonation ratio (100% times the duration of speech without inter-
nal silences divided by the duration of speech including the internal silences). This set of KB
features was previously applied in the same map-task corpus used in the present thesis, to
analyze disfluencies. (Moniz et al., 2014).
7.2 Metrics to analyze global entrainment
Globally, we aim to verify if a speaker is more similar to his/her partner than he/she is
with his/her own speech in another dialogue or with someone else with whom he/she never
talked to. Therefore, to calculate the degree of proximity between speakers in each dialogue,
we measure the partner similarity (Eq. 7.1), the non-partner similarity (Eq. 7.2), and the self-
similarity (Eq. 7.3), as proposed in Levitan and Hirschberg (2011) and Levitan (2014). In the
equation 7.1, s is a speaker in a session, sf corresponds to the speaker’s mean feature value for
that session. We have used this equation to measure the level of proximity between interlocu-
tors in the same dialogue by calculating the difference between a speakers’ mean for a feature
with the same value for his/her partner. In the equation 7.2, s’f refers to the interlocutor’s
mean feature for that session, n is the number of non-partners, and sxf is the mean feature for
one of those speakers. This equation measures the difference between a speakers’ mean value
for each feature and the ones of the speakers with whom he/she is never paired with. Accord-
ing to Levitan and Hirschberg (2011), such metric establishes a baseline measure of the degree
of similarity that one expects to see if there is no entrainment. A final measure of similarity is
the comparison between the same speakers’ mean values in different dialogues. Thus, in the
equation 7.3, s’f is the mean value for feature f of speaker s in another session. Given the fact
that in the CORAL corpus speakers participate in 4 dialogues, 2 as a giver and 2 as a follower,
the self similarity or self-entrainment measure was done according to the roles they play, mean-
ing that a speaker was compared to him/herself only when playing the same role. This allows
us to verify if speakers are consistent regardless of the role they are playing or if they behave
differently when playing a specific role.
Moreover, we also analyze convergence, meaning the degree of similarity between speak-
ers in the beginning of each dialogue and in the end, in order to evaluate if speakers tend to
entrain more throughout the conversation. To do so, all the dialogues were split in half (a de-
cision based on the small duration of some dialogues), and a global similarity analysis was
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performed for both halves.
ENT(s, f ) = −|s f − s
′
f | (7.1)
ENTX(s, f ) = −
∑n−1x=0 |s f − sxf |
n
(7.2)
ENTsel f (s, f ) = −|s f − s
′
f | (7.3)
The set of prosodic features calculated with these measures is compared with a paired t-
test to obtain statistically significant differences between them. When comparing the means for
each feature of the partner, non-partner, and self-similarities, it is possible to see which one has
a greater degree of entrainment. For example, if the similarity between partners in a certain
feature is greater than between the same speaker in other session, there is entrainment between
interlocutors.
7.3 Metrics to analyze local entrainment
To perform a turn-by-turn entrainment analysis, we compare the acoustic-prosodic features
between the end of a turn, produced by a speaker, with the beginning of the next one, produced
by his/her interlocutor (see examples 1 and 2).
Example 1 Giver: Então, estás a ver uma loja de chapéus? (So, do you see a hat store?)
Follower: Sim, estou a ver a loja de chapéus. (Yes, I see a hat store.)
Example 2 Giver: E chegas ao fim. (And you reach the end.)
Follower: Ok, já cá estou. (Ok, I’m already here.)
Example 3 Giver: Que é um sítio alto onde tem muitos pinheiros. (It’s a high place with lots of pines.)
Follower: Sim, sim, sim. (Yes, yes, yes.)
We apply the metrics defined by Levitan and Hirschberg (2011) and Levitan (2014), repre-
sented in equations 7.4 and 7.5. The two metrics are based in Inter-Pausal Units (IPU), pause-
free units of speech from a single speaker separated from one another by at least 50ms (Gra-
vano, 2009; Levitan, 2014).
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When applying these metrics, we had to adjust the unit of analysis to fit EP phonological
phenomena, such as truncations of post-tonic material, affrication, or aspiration (Mata and
Moniz, 2016). We found that if the IPU is too long, we loose the information coded in the
final part of the utterance, crucial for EP. Another reason for adjusting the unit of analysis was
the delimitation of our target (turn-initial) structures (see the next section). Therefore, instead
of selecting the initial and final IPU for each sentence, we selected the initial and final words
produced within a 500ms interval, regardless of the existence of silence. This fixed minimal
unit of analysis was empirically tested and proved to be the most fruitful threshold with one
or more words per unit of analysis, allowing to extract discourse markers and affirmative cue
words. These can be a single word or the combination of two or more words (e.g., sim, sim, sim
/ ’yes, yes, yes’; sim tenho / ’yes, I have’; sim, pronto / ’yes, ok’). Such interval can also be used
to facilitate the automatic classification of the target structures and to produce entrainment
models for spoken dialogue systems.
Several t-tests are then applied, in order to determine: (i) if the similarities are greater be-
tween adjacent or non-adjacent turns (Partner distance vs. Other distance); (ii) considering only
adjacent turns, if speakers are more similar to each other when the utterance occurs between
specific turn types or when a turn begins with a specific structure (see Table 7.1). Moreover, we
also compare the relative values of each speaker at turn exchanges (synchrony) using a Pear-
son’s correlation test. Following the model of Edlund et al. (2009) applied in Levitan (2014),
we observe if the synchrony between speakers is positive (convergent synchrony), interlocutors
adjust their speech to become more similar to each other, or negative (complementary entrain-
ment), interlocutors adjust their speech in accordance with the interlocutor but in the opposite
direction (complementing the interlocutor’s speech).
7.3.1 Target structures
For local entrainment, we aim to test not only if speakers present a similar acoustic-
prosodic behavior between adjacent turns in the same dialogue, but also if it occurs with dis-
tinct structural metadata events: types of sentence-like units in consecutive turns, and with
the presence of discourse markers; affirmative/negative cue words; disfluencies. Table 7.1 lists
the distinct structural metadata events that are studied, showing examples and percentages
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of occurrences. In terms of SU patterns in consecutive turns, we include declarative (DECL),
and interrogative (INT) SUs. Therefore, our analysis of local similarity between adjacent turns
considered the following combinations of turn types:
1. a declarative following another declarative, a pattern that accounts 2770 occurrences
(DECL-DECL);
2. a declarative following an interrogative, the typical question-answer pattern, with 838
occurrences (INT-DECL);
3. an interrogative following a declarative, with 676 cases (DECL-INT);
4. an exclamative following a declarative, accounting 84 occurrences (DECL-EXCL);
5. an interrogative following another interrogative, with 61 occurrences (INT-INT).
The patterns with exclamative sentences following or preceding interrogatives were excluded
due to the scarce data available (5 and 1 occurrences, respectively).
Moreover, we also aim at verifying if the types of interrogatives influence entrainment
between question-answer pairs. Therefore, we classified each type of interrogatives and per-
formed a t-test to verify in which type speakers are more similar. The interrogatives in the
pattern Int-Decl were classified as:
1. Yes-No questions (Estás a ver um túnel? / ’Do you see a tunnel?’, accounting 495 occur-
rences);
2. Wh- questions (Como é que é esse forte? / ’What does the fort look like?’, 125 occurrences);
3. Tag questions (Está à esquerda dos cavalos selvagens, não é? / ’It is to the left of the wild
horses, isn’t it?’, 174 occurrences).
Alternative questions were excluded from this analysis given the small amount of available
cases (Do lado esquerdo ou do lado direito? / ’Left or right side?’, only 35 occurrences). Moreover,
9 cases were also excluded, because the interrogatives did not fit in any of this categories (e.g.,
Desculpa? / ’Sorry?’; Então? / ’So?’).
This study also covers discourse markers (DMs, see the previous section for more informa-
tion regarding the annotation of these structures), affirmative cue words (ACW), ambiguous
structures (AMB) – words that can be either a DM or an ACW, and disfluencies (DISF), namely
filled pauses, in the beginning of turns. Filled pauses were the only type of disfluencies con-
sidered (see Chapter 3), due to the fact that they are the most frequent ones in the data in
turn-initial position. Moreover, we also analyze other types of structures that are very frequent
turn-initial in our data, namely emphatic affirmative repetitions (EMP), and negative cue words
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Examples




Tag	(15%) EMP 5% sim,	sim,	sim	'yes,	yes,	yes'
Wh-	(21%) AMB 18% pronto	'ok';	ok
2% DISF 13% filled	pauses	aa;	aam







Table 7.1: Patterns of turn types and turn-initial structures annotated with the percentage of
occurrences.
(NEG). Emphatic repetitions are annotated with commas separating the repeated item(s) and
account for 1% of the total number of words in dialogues. They are used for precise tuning with
the follower and for stressing the most important part of the instruction, highlighting informa-
tion. Although these repetitions are mainly identified by lexical cues, emphatic repetitions are
uttered in the dialogue corpus with previous silent pauses longer than the subsequent ones,
similarly to what occurs with filled pauses.
7.4 Summary
This chapter described, first, the sets of acoustic-prosodic features used to analyze entrain-
ment, namely GeMAPS, eGeMAPS, and knowledge-based features. The features applied are
used in several paralinguist tasks in different languages. Then, it focused on the metrics ap-
plied to analyze both global and local entrainment, in order to verify different degrees of sim-
ilarities between speakers. These metrics are also widely used to test entrainment in different
languages, which will allow for a cross-language comparison.
For local entrainment, another level of analysis is presented, focusing on the presence of
specific structural metadata events (target structures), namely types of SUs in consecutive turns
(declaratives and interrogatives), and the presence of discourse markers, affirmative and neg-
ative cue words, disfluencies, and empathic affirmative repetitions in the beginning of the sec-
ond turn.
8Entrainment
In this chapter, we analyze the acoustic-prosodic similarities between speaker pairs,
namely if there are global and local entrainment cues displayed in the dialogues, if entrain-
ment is manifested in distinct sets of features shared amongst the speakers, if entrainment
depends on the role of the speaker, as either giver or follower, and if speakers tend to entrain
more with specific interlocutors regardless of the role. Moreover, we also verify if speakers
tend to entrain more as the dialogue progresses. Finally, we present a summary of the most
relevant acoustic-prosodic features found for both global and local entrainment.
A note to our reader. For reasons of readability, it is not possible to present the results for all
the acoustic-prosodic features analyzed, therefore only a small set of features will be displayed
in the tables. This selection was based on the features’ significance.
8.1 Global similarity
As mentioned in Chapter 7, we measured the partner similarity (Eq. 7.1), the non-partner
similarity (Eq. 7.2), and the self-similarity (Eq. 7.3). Then, we compared the results between
the three metrics, in order to verify if a speaker is more similar to his/her partner than he/she
is with his/her own speech in another dialogue or with someone else with whom he/she never
talked to.
The comparison between speaker pairs in a dialogue with speakers that never talked with
each other (partner vs. non-partner) shows evidences for global entrainment between inter-
locutors in f0 mean rising slope, duration of speech (with and without internal silences), and phona-
tion ratio. These features present statistically significant differences (p<0.05 represented with
**, and p<0.01. represented with *) between partners and non-partners, as well as t-values
showing that speakers are more similar to their partners than to their non-partners (Table 8.1).
1 In the CORAL corpus, previous studies had already observed that there are no significant
differences between speakers regarding speech rate, as speakers produce the same mean values
of syllables, namely 6 per second (Moniz et al., 2014).
1In a t-test, negative t-values indicate that the first group has smaller differences and positive t-values indicate
that those differences are smaller in the second group. The group with smaller differences shows greater entrain-
ment.








f0_amean 4.302'* ,7.890'* 0,869
f0_pctlrange0_2 0,963 ,2.940'* 0,875
f0_meanRisSlope ,2.775'* ,3.745'* ,0,676
f0_meanFallSlope 1,279 ,2.406'* ,0,352
loudness_amean 9.612'* 1,862 ,0,720
loudness_pctlrange0_2 5.169'* ,0,679 ,1,007
loudness_meanRisSlope 6.725'* 0,522 ,0,527
loudness_meanFallSlope 1.955'** ,2.934'* ,1,693
loudnessPeaksPerSec 2.139'** ,5.833'* 0,738
slopeV0_500_amean 4.306'* ,5.864'* ,0,842
slopeV500_1500 1.950'** ,6.373'* ,1,852
slopeUV0_500 5.657'* ,1,070 ,2.471'**
slopeUV500_1500 1,605 ,5.389'* 0,105
jitter_amean 1,684 ,2.675'* 0,572
shimmer_amean 2.907'* ,5.474'* 0,966
HNR_amean 3.059'* ,7.886'* 1,355
VoicedSegmentsPerSec ,0,872 ,3.872'* 1,807
MeanVoicSegLengthSec 2.942'* ,5.650'* ,0,115
MeanUnvoiSegLength 2.834'* ,1,276 0,677
dur'speech'(with'sil) ,8.195'* ,15.001'* ,1,978
dur'(without'sil) ,8.645'* ,15.204'* ,2.279'**
articulation'rate'phone ,1,497 ,6.736'* 0,785
rate'of'speech'phone ,0,415 ,5.754'* 1,011
phonation'ratio ,2.019'** ,6.750'* 0,089
articulation'rate'syl ,0,058 ,4.703'* 1,200









Table 8.1: T-tests: partner vs. non-partner differences (df = 95), partner vs. self-differences (df
= 95), and giver vs. follower self-differences (df = 23).
As an example, Figures 8.1 and 8.2, show two interactions where entrainment was found.
Both examples are representative of the nature of the corpus, comprising mainly question-
answer pairs and information exchanges about the position in the map. Both speakers in the
dialogue, whether playing the role of giver or follower, produce short (affirmative or negative
answers) and long sentences (instructions, informations), which allow us to hypothesize that
there is a turn length respected by the speakers.
These results are not entirely in line with those found for Standard American English and
Mandarin Chinese (Levitan, 2014). For both languages, similarities between conversational
partners were found only in intensity features, namely intensity mean and maxima, and speaking
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rate. For Mandarin, speakers are also similar in pitch maxima. Our results point out duration
as the feature with more evidences for entrainment, which lead us to hypothesize that this
strategy can be more automatic, and language independent, with duration but not with energy
or pitch.












Figure 8.1: Example of entrainment between speakers s6-s1: ’So, we will go over them? Yes.’
When comparing the similarities of a speaker between his/her partner and between
him/herself in another dialogue (partner vs. self), results show that speakers are more similar
with their partners in almost all features, such as pitch, duration, and voice quality features,
showing a strong evidence for entrainment. Only in energy related features, namely energy
mean and energy mean rising slop, speakers tend to be more similar to their own speech than to
their partners, even though significance was not found. Our results are not in line with Levi-
tan and Hirschberg (2011) and Levitan (2014) for English. The authors found more similarities
between conversational partners only in intensity features, namely intensity mean and maxima.
In the remaining features, as pitch and voice quality, speakers were more similar to their own
speech.
So far, it is possible to verify that there are evidences of global entrainment, but expressed
in different degrees: speakers are more similar to their interlocutors than they are with their
own speech in terms of pitch related features, duration and voice quality features, but not in
energy, and they are also more similar to their interlocutors than they are to speakers with
whom they never spoke to mainly in duration related features.
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Estou muito longe do baluarte grandioso. Estou quase no canto oposto da folha.














Figure 8.2: Example of entrainment between speakers s18-s17: ’I’m far from the grand bastion.
I’m almost in the opposite corner of the sheet. Oh no! So, that’s not it. Ah, well, there are other
gray houses, I’ve seen them.’
8.1.1 Role similarity
The fact that speakers present more similarities with their partners than with their own
speech in different dialogues (see previous section) shows that they make adjustments to en-
train with the interlocutor, but it is not clear yet if speakers remain consistent with their own
speech style when playing a specific role: giver or follower. Therefore, we also compared each
speaker to him/herself both as a giver and as a follower (see equation 7.3 in Chapter 7).
When comparing a speaker while playing the role of giver and the role of follower (self
giver vs. self follower), only the features slope UV0_500 (i.e. linear regression slope of the
logarithmic power spectrum within the two given bands) and duration (with and without internal
silence) present a statistically significant difference, with more similarities between speakers
playing the role of giver (Table 8.1). However, results also show that speakers playing the role
of givers tend to be more similar in features related with energy and slopes, as followers present
smaller differences in voice quality features and duration measures. Looking at each speaker
individually, results show that almost half of the speakers is more consistent as a giver (N=11)
and the other half (N=13) as a follower.
These results do not allow us to confirm the influence role has in entrainment, but allow
us to hypothesize that entrainment may be more related with a partner effect (some speakers
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entrain more with different partners) than with a role effect (see Section 8.1.2).
8.1.2 Partner similarity
To test the hypothesis that there is a stronger partner effect, we verified with whom speak-
ers entrain more, specifically if they entrain with the same interlocutor regardless of the role
they are playing (each speaker interacts with 2 different partners, 2 times as a giver and 2 as a
follower), and in which specific features entrainment is more significant. To measure the de-
gree of entrainment between the pairs, we used the partner similarity values (Eq. 7.1, Chapter
7), and calculated the difference between each pair. If a pair is more similar in a greater number
of features, then that pair shows more entrainment (Table 8.2).
Results show that 10 speakers (s1; s4; s6; s8; s14; s17; s18; s21; s22; and s24 - shaded rows
in Table 8.2) present greater similarities with the same interlocutor whether they are playing
the role of giver or follower, even though not always using the same features (Table 8.3). The
remaining speakers entrain with more than one partner in a similar amount of features and
also regardless of the role they are playing. For example, s12, as a giver, presents similarities
both with s13 and s3 in a similar amount of features (50,72% vs. 49.28%, respectively). Only
two speakers (s15 and s20) present greater similarities with only one partner depending on the
role they are playing: s15 presents more similarities with s16 while playing the role of giver
(similar in 83% of the features), and s20, as a giver, is more similar with s15 (67%), and as a
follower, with s10 (48%).
The distribution of the pairs of speakers in Table 8.2 is organized chronologically, therefore,
givers talked first with follower 1 and, minutes later, with follower 2 (the sessions with the same
speakers occurred in the same day at different hours). Speakers tend to show more evidences
of entrainment in the first conversation than in the second one (13 vs. 6 pairs show similarities
in a greater percentage of features). In the second session, speakers have experienced the task
before, which lead us to hypothesize that they make a greater effort to connect with their inter-
locutors in the first dialogue. The speakers who entrain with the same interlocutors regardless
of the role they are playing show similarities in both conversations.
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GIVER FOLLOWER*1 %*SIMILARITIES Familiarity FOLLOWER*2 %*SIMILARITIES Familiarity
S19 S2 68,12 UNF S22 31,88 FAM
S2 S14 50,72 FAM S19 49,28 UNF
S22 S14 72,46 UNF S19 27,54 FAM
S14 S2 33,33 FAM S22 66,67 UNF
S17 S1 66,67 UNF S18 33,33 FAM
S6 S18 79,71 UNF S1 20,29 FAM
S18 S17 44,93 FAM S6 55,07 UNF
S1 S6 42,03 FAM S17 57,97 UNF
S23 S3 39,13 UNF S13 60,87 FAM
S13 S12 52,17 UNF S23 47,83 FAM
S3 S12 73,91 FAM S23 26,09 UNF
S12 S13 50,72 UNF S3 49,28 FAM
S15 S16 82,61 UNF S20 17,39 FAM
S10 S16 52,17 FAM S20 47,83 UNF
S20 S15 66,67 FAM S10 33,33 UNF
S16 S10 57,97 FAM S15 42,03 UNF
S24 S9 30,43 UNF S21 69,57 FAM
S11 S21 49,28 UNF S9 50,72 FAM
S21 S24 63,77 FAM S11 36,23 UNF
S9 S11 50,72 FAM S24 49,28 UNF
S7 S4 55,07 UNF S5 44,93 FAM
S8 S5 18,84 UNF S4 81,16 FAM
S5 S7 66,67 FAM S8 33,33 UNF
S4 S8 63,77 FAM S7 36,23 UNF
Table 8.2: Percentage of similar features per pairs of speakers.
It is also important to mention that there are speakers who were strangers and whose first
contact was established when performing this task, and others who already know each other,
as university or lab colleagues or even as friends, including a pair of identical twin sisters (s21
and s24). Looking at the degree of familiarity between speakers who entrained with each other
regardless of the role they were playing, entrainment seems to be greater between speakers
who have never met before (s1-s17; s6-s18; s14-s22), than between those who are familiar to
each other (namely s21-s24; and s4-s8). Even though these values are not that different (6
dialogues vs. 4), they lead us to hypothesize that speakers make a bigger effort to adjust their
speech to a stranger than to someone they already know. When there is already a relation
between each person, there is a shared knowledge of how to behave (common ground), in order
to achieve a successful interaction. For that reason, the dialogue may be less monitored by the
interlocutors. The best example for this hypothesis is the dialogues between the twin sisters.
The dialogues where they both interact are the briefest ones when compared to all the other
partners. In the dyad s24-s21, a successful task is achieved with only 36 SUs from the giver and
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11 from the follower (see Figure 8.3). In the other dyad, where their roles are reversed, there
are 30 and 38 SUs, respectively. These speakers, who already know each other so well, do not
need to talk much to complete the task and succeed in it. This fact points out to a prior strong
entrainment between them.
Figure 8.3: Example of a dialogue between the twin sisters (s24 as the giver, and s21, as the
follower)
Nonetheless, taking into account their degree of familiarity, we were expecting to also find
clear acoustic-prosodic entrainment between them in almost all of the features regardless of
the role they were playing. In fact, looking at the dialogues where s21 and s24 participate,
results show that there are greater similarities between the sisters when compared with the
other speakers who they are paired with (s11 and s9, respectively). Results also show that there
are more similarities between them when s24 is the giver and s21 the follower, even though the
differences are minimal (s24-s21 are more similar in 70% of features as s21-s24, in 64%). As for
the type of features, we can see in Table 8.3 that the sisters are similar mainly in pitch features.
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G s1 s17 s4 s8 s6 s18 s14 s22 s21 s24
F s17 s1 s8 s4 s18 s6 s22 s14 s24 s21
X X X X X X X X X X
X X X X X
X X X X X X X
X X X X X X
X X X X X
X X X X X X
X X X X X X
X X X X X X X
X X X X X X X X
X X X X X X X X X
X X X X
X X X X X X X
X X X X X X
X X X X X X X
X X X X X X X X X
X X X X X X X X X
X X X X X
X X X X X X X X
X X X X X X X X
X X X X X X X
X X X X X X
X X X X X X X
X X X X X X X
X X X X X X X
X X X X X X X



































Table 8.3: Entrainment per pairs of speakers (giver-follower). The X marks the feature where
partners show greater similarities.
As for the partner entrainment, we can conclude that, despite the role speakers are playing,
they tend to display more entrainment to some partners. Thus, we can hypothesize that in this
data there is a stronger partner effect than a role effect.
Results also show that mixed-gender pairs tend to entrain more than pairs with the same
gender (see Table 8.4). There are 4 female speakers that entrain with the same male partner
in both dialogues they participate, and regardless of the role they are playing (highlighted
in bold in Table 8.4). The same only occurs with 1 female-female pair. The pairs who show
greater similarities with only one interlocutor correspond to 2 male-male pairs, and those who
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entrain with more than one speaker are mainly mixed-gender pairs. This preliminary gender
results are in line with those found for English and Mandarin (Levitan, 2014), namely more


















Table 8.4: Distribution of pairs of speakers with more entrainment per gender
8.2 Global convergence
To investigate if entrainment occurs early in the conversation or if, on the other hand, it
is more prone to occur as the dialogue progresses, we divided each dialogue in two halves
and performed a t-test comparing partner similarities between both halves. Given the small
duration of some dialogues, we chose to divide them only in two parts.
Results only show statistical significant differences between partners in the feature slope
UV500_1500 (linear regression slope of the logarithmic power spectrum within the two given
bands), meaning that there are no evidences that speakers are more similar in the second part
of the conversation than they are in the first one. Nonetheless, there are trends of convergence
patterns, expressed in positive t-values (see Table 8.5), for pitch, loudness, and voice quality fea-
tures.
These results are not in line with those found for Standard American English and Mandarin
Chinese (Levitan, 2014). For English, more similarities between partners were found in the
second half of each game for pitch max, NHR, and speaking rate. For Mandarin, no evidences
of convergence were found: the features intensity mean and max were even significantly less
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Table 8.5: T-test 1st half and 2nd half: partner vs. partner differences (df=93)
8.3 Local similarity
Evidences of acoustic-prosodic entrainment between speakers per dialogue (globally) were
presented in the previous sections. Now, we aim at verifying if speakers also show similari-
ties to each other but at turn exchanges (locally). To perform such analysis, we compare the
acoustic-prosodic features between the end of a turn, produced by a speaker, with the begin-
ning of the next one, produced by his/her interlocutor (see equation 7.4 in Chapter 7). This
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analysis does not discriminate yet the turn-types nor the structures that occur in the begin-
ning of the second turn (see the next chapter for the analysis of local entrainment with distinct
structural metadata events).
Results show that there are strong statistically significant differences (p<0.001) between ad-
jacent turns (partner distance) and non-adjacent ones (non-partner distance) in 85 out of the 88
acoustic-prosodic features analyzed. These results reinforce the ones found for global entrain-
ment, since speakers match their interlocutors at turn-exchanges in pitch, energy, duration,
and voice quality features (see Table 8.6). Globally, speakers matched their partners signifi-
cantly only in three features: pitch mean rising slope, duration of speech (with and without internal
silences), and phonation ratio (see Table 8.1). These results are not in line with those found for En-
glish (Levitan, 2014), where speakers match with each other locally in intensity mean, max, and
HNR, but not in pitch. A similar result was also found for Mandarin Chinese (local entrainment



























Table 8.6: T-tests (df=4449): partner distance vs. other distance (local similarity). All features
present statistically significant differences (p<.001).
We also compared adjacent vs. non-adjacent turns for each of the 48 dialogues in the cor-
pus. Results remain consistent, as speakers match with each other in adjacent turns in almost
all of the features analyzed. However, the dialogue between s24-s21 (dialogue 30), a pair of
twin sisters, differs consistently from the remaining, as no significant differences were found
74 CHAPTER 8. ENTRAINMENT
in almost all of the features analyzed. This result was expected given the small duration of the
interaction, with only 4 adjacent turns between speakers. The majority of SUs were produced
by the same speaker (s24), giving directions about the best path to solve the map.
8.3.1 Partner similarity
Taking into account the partner similarities found when the entire dialogue was analyzed,
we also aimed at verifying if the speakers who have shown stronger global entrainment also
show strong local entrainment. Therefore, considering the results in section 8.1.2, we tested
local similarities between the pairs that entrain globally with each other regardless of the role
they are playing (see Table 8.3), totaling 10 dialogues between 10 speakers.
Results show that speakers are more similar with each other at turn-exchanges than be-
tween non-adjacent turns. This similarity is strong (p<0.01 and p<0.05) in almost all of the
analyzed features, particularly in pitch, energy, voice quality, spectral slopes, and temporal features
(voiced/unvoiced segments) (see Table 8.7). Again, the pair s24, as a giver, and s21, as a follower,
show different results. Even though s24 presents more similarities with s21 than with the other
speaker who she is paired with (s9), there are not enough SUs to perform a turn-by-turn analy-
sis, therefore no significant differences between adjacent and non-adjacent turns and between
negative and positive t-values were found.
G s1 s17 s4 s8 s6 s18( s14( s22( s21 s24
F s17 s1 s8 s4 s18 s6 s22 s14 s24 s21
t((df(45) t((df(42) t((df(78) t((df(70) t((df(122) t((df(99) t((df(92) t((df(89) t((df(38) t((df(3)
f0_amean 95,99 96,04 94,6 95,31 910,53 99,64 96,35 97,58 92,11 !1,94
f0_pctlrange0_2 96,12 96,14 98,16 98,16 99,03 98,68 99,65 98,43 95,83 0,29
f0_meanRisSlope 93,72 93,4 93,78 94,07 96,24 96,95 95,4 94,32 93,72 !2,13
f0_meanFallSlope 94,06 91,6 93,29 94,54 96,67 94,78 97,51 96,93 94,1 !2,41
loudness_amean 94,32 95,71 98,69 96,67 98,14 97,27 98,04 910,12 94,06 0,12
loudness_pctlrange0_2 94,98 96,8 98,12 97,76 99,09 97,29 97,31 99,79 93,7 0,44
loudness_meanRisSlope 95,74 96,23 98,09 96,68 98,06 97,62 97,68 99,08 95,94 !0,51
loudness_meanFallSlope 95,86 93,96 99 96,04 98,25 98,45 96,54 99,71 94,27 !1,28
loudnessPeaksPerSec 95,19 95,61 98,6 97,55 99,48 98,58 96,02 98,18 95,59 !2,58
slopeV0_500_amean 96,05 95,36 97,21 96,27 99,82 97,85 96,87 98,27 93,857 !0,79
slopeV500_1500 95,44 96,16 97,29 96,99 97,88 97,71 99,07 95,97 95,046 !2,76
slopeUV0_500 96,59 95,21 97,4 96,49 98,41 95,43 96,99 98,18 94,957 !0,91
slopeUV500_1500 96,64 94,4 96 97,11 98,41 96,54 97,62 97,19 95,706 !1,21
jitter_amean 94,34 96,87 97,85 97,52 910,74 98,24 97,21 98,99 95,82 1,19
shimmer_amean 95,42 96,85 97,97 97,97 910,28 98,7 97,5 98,57 95,04 0,7
HNR_amean 95,89 95 95,58 96,22 910,37 99,01 97,64 98,97 93,46 !2,12
VoicedSegmentsPerSec 95,56 95,36 97,03 96,05 98,04 98,27 96,99 96,8 94,8 0,22
MeanVoicSegLengthSec 96,72 94,68 98,21 97,8 911,1 99,07 99,47 99,99 95,2 95,51








Table 8.7: T-test: adjacent vs. non-adjacent similarities between partners with global similarity.
All values are statistically significant (p<.005 and p<.001), except the ones in the highlighted
cells.
Considering that adjacent turns present more similarities than non-adjacent ones, we also
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performed a Pearson’s correlation test (Table 8.8), to investigate how that adjustment occurs.
If relative values for each feature at turn exchanges are positive, then both speakers adjust
their speech to become more similar (convergent synchrony). If those values are negative, than
interlocutors adjust in the opposite direction, complementing the interlocutor’s speech (com-
plementary synchrony). Our results show evidences of positive synchrony in the majority of the
features, meaning that speakers do adjust to each other at turn-exchanges in the main acoustic-
prosodic features: pitch, energy, voice quality, and duration. The occurrence of negative syn-
chrony is quite residual (6 occurrences) and non-significant (only one feature presents signifi-
cance with a <.05 level - shaded blue row in the Table 8.8).
These results are quite distinct from those found for English and Mandarin Chinese (Lev-
itan, 2014). For both languages, there are more evidences of negative than positive synchrony,
although they do not occur in all the sessions and for all the features. For English, positive
synchrony is mainly found in intensity features (mean and max) and negative synchrony, in
intensity max and pitch mean and max. For Mandarin, the authors found that positive syn-
chrony occurs mainly with intensity features, and that negative synchrony is very strong and
prevalent for pitch features (24 out of 30 sessions present negative synchrony on at least one
pitch feature).


































































































































































0 81 .928 .737 .619 .473 .627 .831 .637 .305 .727 .761 .663 .616 .758 .712 .688 .831 .580 .408 .419
1 93 .897 .430 .376 .568 .749 .781 .555 .601 .726 .674 .727 .391 .661 .761 .817 .825 .895 .563 .761
2 118 .832 .442 .307 .301 .649 .665 .525 .461 .733 .510 .680 .645 .772 .796 .790 .764 .829 .665 .583
3 72 .541 .401 .691 .437 .596 .806 .695 .657 .873 .871 .726 .753 .738 .796 .810 .648 .941 .608 .733
4 90 .959 .744 .716 .710 .861 .780 .682 .506 .695 .642 .747 .687 .578 .854 .781 .876 .844 .380 .194
5 67 .981 .614 .404 .336 .800 .564 .492 .456 .913 .732 .537 .881 .715 .421 .745 .833 .615 .449 .680
6 195 .839 .497 .085 .739 .713 .574 .684 .517 .731 .709 .715 .721 .624 .685 .764 .796 .709 .482 .353
7 116 .936 .463 .310 .549 .792 .776 .672 .630 .858 .762 .866 .858 .585 .573 .696 .713 .860 .461 .931
8 108 .952 .778 .479 .260 .732 .601 .605 .724 .738 .822 .655 .704 .774 .252 .867 .826 .855 .609 .346
9 144 .299 0.11 .255 .072 .550 .496 .656 .386 .525 .597 .588 .477 .501 .573 .336 .464 .366 .231 .402
10 147 .832 .642 .613 .058 .572 .576 .395 .449 .627 .682 .603 .667 .717 .982 .784 .710 .793 .542 .483
11 133 .932 .510 .011 .589 .760 .764 .755 .708 .820 .760 .639 .745 .722 .719 .836 .731 .756 .493 .353
12 215 .775 .806 .233 .622 .771 .635 .635 .386 .854 .626 .801 .750 .685 .810 .744 .789 .889 .504 .688
13 147 .755 .507 .084 .272 .625 .450 .571 .486 .547 .611 .703 .768 .599 .693 .670 .626 .917 .550 .224
14 133 .810 .363 .293 .188 .461 .352 .589 .565 .623 .532 .638 .450 .581 .586 .627 .510 .691 .15 .264
15 141 .823 .624 .255 .286 .717 .734 .777 .735 .809 .663 .824 .732 .750 .670 .700 .692 .778 .346 L.015
16 43 .970 .326 .114 .111 .874 .709 .320 .482 .683 .812 .871 .716 .666 .173 .502 .839 .735 .243 .238
17 123 .924 .416 .318 .078 .724 .711 .375 .530 .628 .569 .590 .693 .712 .691 .778 .839 .914 .383 .279
18 76 .909 .816 .533 .336 .729 .730 .454 .573 .774 .615 .573 .630 .553 .650 .595 .651 .944 .464 .368
19 121 .657 .487 .493 .003 .630 .648 .406 .618 .628 .594 .298 .652 .522 .659 .553 .756 .477 .338 .692
20 100 .955 .366 .284 .644 .644 .440 .410 .458 .622 .494 .471 .372 .502 .633 .793 .869 .751 .320 .167
21 46 .969 .606 .037 .691 .522 .297 .676 .483 .333 .243 .490 .505 .602 .762 .618 .828 .746 .593 .104
22 53 .961 .580 .280 .925 .631 .773 .543 .435 .432 .446 .592 .713 .636 .744 .785 .770 .878 .227 .370
23 94 .468 .234 .203 .425 .565 .565 .330 .491 .617 .603 .605 .740 .542 .465 .567 .624 .768 .480 .231
24 64 .806 .505 .114 .510 .800 .684 .813 .703 .654 .502 .571 .550 .680 .583 .682 .662 .935 .497 .943
25 59 .900 .304 L.005 .086 .440 .526 .265 .689 .755 .780 .732 .640 .778 .885 .819 .841 .869 .258 .138
26 39 .995 .648 .874 .941 .815 .859 .737 .805 .763 .798 .735 .741 .942 .835 .944 .901 .943 .557 .935
27 43 .969 .139 L.021 L.039 .736 .753 .459 .599 .730 .581 .517 .670 .740 .469 .594 .695 .682 .24 .668
28 25 .813 .854 .121 .269 .865 .942 .901 .927 .871 .766 .902 .730 .753 .864 .649 .824 .950 .624 .282
29 54 .952 .166 .571 .533 .654 .818 .599 .755 .677 .570 .564 .760 .916 .851 .836 .709 .954 .367 .975
30 4 .921 .891 .949 .838 .973 1.000 1.00 .662 .971 .954 .999 .978 .376 .942 .998 .978 .702 .657 .963
31 54 .936 .576 .586 .939 .665 .706 .759 .685 .776 .789 .575 .760 .527 .956 .866 .904 .789 .572 .081
32 90 .745 .529 .593 .229 .589 .574 .654 .612 .661 .587 .588 .689 .646 .813 .818 .744 .810 .446 .368
33 99 .786 .458 .746 .504 .792 .683 .712 .602 .717 .572 .716 .740 .789 .783 .758 .802 .948 .556 .281
34 74 .907 .641 .008 .208 .845 .601 .641 .538 .677 .574 .748 .859 .803 .886 .532 .761 .589 .515 .253
35 118 .823 .612 .224 .111 .844 .719 .711 .553 .625 .669 .706 .746 .665 .639 .795 .805 .841 .569 .737
36 78 .897 .653 .02 .595 .789 .791 .609 .585 .733 .754 .505 .823 .715 .829 .749 .774 .912 .687 .830
37 84 .774 .134 .246 .321 .645 .766 .750 .709 .698 .565 .575 .782 .650 .797 .759 .793 .852 .399 .370
38 100 .924 .540 .519 .498 .771 .690 .678 .692 .684 .689 .637 .761 .882 .767 .877 .866 .875 .705 .358
39 76 .784 .171 .197 .548 .718 .551 .566 .541 .565 .348 .554 .435 .655 .445 .501 .730 .734 .652 .121
40 64 .959 .088 .691 .084 .644 .631 .661 .633 .740 .603 .701 .647 .650 .608 .738 .750 .729 .390 .289
41 117 .871 .595 .834 ,.253 .681 .676 .618 .519 .431 .503 .578 .663 .572 .611 .806 .730 .845 .449 .122
42 102 .954 .559 .221 L.002 .784 .784 .659 .512 .821 .554 .584 .721 .772 .934 .671 .816 .940 .612 .691
43 79 .913 .342 .346 .168 .649 .787 .563 .744 .620 .547 .734 .654 .783 .580 .832 .844 .835 .648 .916
44 97 .587 .347 .262 .603 .707 .641 .777 .800 .536 .568 .721 .546 .498 .919 .364 .731 .767 .473 .703
45 70 .823 .259 .102 L.071 .545 .710 .722 .499 .660 .644 .657 .752 .748 .574 .800 .663 .932 .407 .253
46 133 .841 .547 .029 .002 .737 .784 .677 .538 .790 .614 .728 .714 .591 .725 .692 .860 .704 .584 .393
47 71 .951 .556 .801 .157 .833 .774 .739 .821 .780 .750 .606 .848 .866 .717 .825 .891 .937 .298 .288
Table 8.8: r coefficients from Pearson’s correlation tests between adjacent turns. Correlations
are significant at the 0.01 (shaded rows), and 0.05 level (in bold).
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8.4 Relevant acoustic-prosodic features for global and local entrain-
ment.
Globally, results show evidences of entrainment as speakers are more similar to their in-
terlocutors than they are to speakers with whom they had never spoken to mainly in duration
measures. Speakers are also more similar to their partners than they are with their own speech
in pitch, duration and voice quality features, but not in energy. Locally, speakers are more sim-
ilar in adjacent turns than in non-adjacent ones in the four main acoustic-prosodic features.
Regarding synchrony at adjacent turns (comparison of the mean values at turn-exchanges), re-
sults point out to a stronger positive synchrony, with speakers adjusting their speech with their
interlocutors again for the main prosodic features, namely pitch, energy, voice quality and du-
ration related features (see Table ). These results show that in EP entrainment is stronger at
turn-exchanges than at the dialogue level. At least locally, results also support the fact that all




Pitch ✓ ✓ ✓ ,+
Energy ✓ ✓ ,+
Voice,quality ✓ ✓ ✓ ,+
Duration ✓ ✓ ✓ ,+
Table 8.9: Relevant acoustic-prosodic features found for entrainment. ! shows that at least
one feature from the main set of prosodic parameters presents evidences of entrainment, and
blank cells show no evidences of entrainment.
Even though the sets of features used in this study differ from those applied to Standard
American English and Mandarin Chinese, it is possible to verify some tendencies in the three
languages. In English and Mandarin, speakers entrain globally on intensity mean, intensity max,
and speaking rate. In Mandarin, speakers also entrain on pitch max (Levitan, 2014). Evidences of
both positive and negative synchrony are found for both languages, even though in different
features (negative synchrony is found for English in pitch, voice quality, and duration, and
in Mandarin in pitch, energy, and duration related features, as positive synchrony is found
for both languages in energy related features). Levitan (2014) claims that the disparity between
correlation strengths for pitch features in particular (pitch is a very strong cue for Mandarin and
a moderate one for English) may reflect the additional role pitch plays in Mandarin Chinese,
conveying lexical information (through tones) as well as paralinguistic information.
In EP, pitch features are also very informative both for global and local entrainment. Neu-
tral declaratives, the most frequent SUs in the corpus (see Chapter 9), are associated to the
canonical contour H+L* L% (Viana et al., 2007). This contour is very common in nuclear posi-
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tion in EP (Mata and Moniz, 2016), thus pitch declination at the end of a turn is a very common
pattern. Therefore, we may hypothesize that speakers perform an adjustment to lower their
typical onset of a new turn (usually with higher f0 values) to the low/falling nuclear contour of
the previous one, which results in entrainment. Figure 8.4 shows an example of the repetition
of the same utterance, functioning as a form of agreement. Here, the second speaker (the giver)
performs a partial reset, lowering his typical f0 values to match the interlocutors’ previous turn.
















Figure 8.4: Example of pitch adjustment (DECL-DECL) between speakers s15-s16: ’Towards
the west. Towards the west.’
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Figure 8.5: Example of pitch adjustment (DECL-ACW) between speakers s16-s15: ’Over the
young eucalyptus. Yes’.
These results support the argument that all prosodic parameters are monitored by the
speakers in our corpus, unlike what happens in English and Mandarin. Therefore, we can
hypothesize that features like energy and duration (mainly speaking rate) may be language in-
dependent, at least in similar corpora, but not pitch.
8.5 Summary
In this chapter, we analyzed the acoustic-prosodic similarity between speakers at the dia-
logue level (global entrainment) and between turn-exchanges (local entrainment). Addition-
ally, we also investigated the influence sociolinguistic variables have in entrainment, namely
the role speakers play, their gender, or even the interlocutor.
Globally, results show that speakers tend to be more similar to their partners than to their
own speech in the majority of the analyzed features, a strong evidence for entrainment. More-
over, almost all the pairs of speakers display cues of global entrainment, even though in dif-
ferent degrees (speakers entrain but in distinct features). Additionally, the role effects tend to
be less striking than the specific interlocutor effect. Our results support the hypothesis that
all prosodic parameters are monitored by the speakers in our corpus, contrarily to studies for
other languages which indicate that the main cues are energy related.
80 CHAPTER 8. ENTRAINMENT
Locally, speakers are more similar between adjacent turns than between non-adjacent ones
in the four main acoustic-prosodic parameters: pitch, energy, duration, and voice quality. These
results are not in line with a similar analysis performed for American English (Levitan, 2014),
which found that speakers match with each other at turn-exchanges mainly in intensity fea-
tures, but not in pitch. Our results seem to be more similar to those found for Mandarin Chi-
nese, at least regarding pitch features (Levitan, 2014). These may lead us to hypothesize that
features like energy may be language independent, at least in similar corpora, but not pitch.
The experiments conducted so far show that acoustic-prosodic behavior of local entrainment
in EP spans from energy to all the other prosodic parameters.
9Acoustic-prosodic entrainment inStructural Metadata Events
Local entrainment was observed in terms of pitch, energy, duration, and voice quality. More-
over, there were also evidences that speakers tend to entrain more with specific interlocutors
independently of the role they were playing and of their gender (see Chapter 8). However, it
is still not clear if entrainment also varies according to the linguistic structures or turn-types,
and their specific informative function, used by the speakers at turn-exchanges. Therefore, in
this section, we analyze how turn-by-turn entrainment varies with distinct structural metadata
events: types of SU in consecutive turns (e.g. interrogatives followed by declaratives, or both
declaratives), and with the presence of discourse markers, affirmative and negative cue words,
and disfluencies, namely filled pauses, in the beginning of turns. Our main goal is to under-
stand if there are degrees of entrainment according to the structures and turn-types, similarly
to the degrees found in the previous chapter regarding role, gender, and partner.
9.1 Experiments with different turn types
The dialogue corpus varies between interrogatives and declarative turns, corresponding
to questions about the location of some landmarks in the map or informations or directions
to follow, respectively. In our data, there are also occurrences of exclamation marks, usually
signaling interjections (for more information about punctuation marks in the CORAL corpus,
see Batista et al., 2007, 2010; Moniz et al., 2010). In the data used to analyze local entrainment,
we have 3621 full stops, 738 question marks, and 89 exclamation marks. In order to investigate
if entrainment differs according to the types of SU in consecutive turns, we performed the same
analysis used to test local similarity (Partner Distance vs. Other Distance, see Chapter 5). Here,
we aim at verify if adjacent turns are more similar than non-adjacent ones considering each SU
type.
Considering declarative (DECL), interrogative (INT), and exclamative turns, results show
that speakers are more similar between adjacent turns than between non-adjacent ones for the
main prosodic parameters: pitch, energy, duration, and voice quality features. However, a
Kruskall-Wallis test, comparing only the adjacent turns for the three turn types, also reveals
that there are statistically significant differences between them (p<0.01 and p<0.05) in the ma-
jority of the acoustic-prosodic features. This shows that, even though adjacent turns are always
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more similar than non-adjacent ones, the three turn types do not present the same behavior at
adjacent turns, allowing us to hyphotesize that the turn type may influence the entrainment at
turn-exchanges.
INT-INT DECL-INT DECL-DECL






Table 9.1: Ratio of features where speakers are more similar, per SU patterns.
In order to verify in which SU types speakers are more similar, we performed a t-test com-
paring the different patterns between two consecutive turns (see Chapter 4) and reported the
amount of features (from a total of 88) where each pair is more similar1. Table 9.1 shows the
corresponding results, where each cell presents the ratio of features, with statistically signifi-
cant differences (p<0.001 and p<0.05), where speakers are more similar, for each combination
of SU patterns. Results show that speakers are more similar between question-answer (INT-
DECL) turns than between DECL-DECL sentences (25/5), or between DECL-INT (40/15). In
both comparisons, question-answer pairs are more similar in terms of the four main acoustic-
prosodic parameters: pitch, energy, duration, and voice quality. Stronger evidences for entrain-
ment are also found between DECL-DECL turns when compared with DECL-INT ones, as
speakers show similarities in 35 features in the first pair, opposed to only 10 in the second pair.
When question-answer pairs are compared with INT-INT ones, results are less expressive, as
fewer features present significant similarities between speakers (4/1). As for the comparison
between DECL-DECL vs. INT-INT, and DECL-INT vs. INT-INT, results are very balanced,
showing that there is no clear tendency for one pair to be more similar than the other.
To conclude, question-answer turns are the ones with stronger similarities between speak-
ers, and declarative-interrogative pairs are the ones where less entrainment occurs. In our data,
we observed that these declarative turns usually correspond to an answer of a previous ques-
tion or an information about the position in the map followed by a question about the next step
to complete the task. This map-task corpus is characterized by its collaborative nature, where
speakers interact with the common goal of completing the map as fast as they can. Therefore,
it was expected that question-answer pairs were the ones showing more entrainment.
Looking only at question-answer pairs, there are also degrees of entrainment between the
1Due to the small amount of occurrences of exclamative sentences, when compared with declaratives and inter-
rogatives, this SU type was not considered in this analysis
9.2. EXPERIMENTS WITH DIFFERENT TURN-INITIAL STRUCTURES 83
different types of interrogatives, even though the differences are not as strong as expected.
The comparison between Yes/No and Wh- questions, both followed by a declarative answer,
show that both patterns present a statistically significant difference in 11 features: in 6 of them,
speakers are more similar when there is a Yes-No question, and in 5 features when there is a
Wh-. As for the patterns Yes/No-DECL vs. TAG-DECL, results also show that speakers are
more similar between Yes/No questions and the following answer (14/10). The similarities
occur in pitch, energy, frequency and spectral parameters. Finally, when comparing TAG-DECL
with Wh-DECL, there are stronger evidences for entrainment in the first pattern (13/7). These
results may be explained by the fact that these SU are coded in distinctive prosodic ways.
As mentioned in Chapter 3, in EP, declarative turns are associated to low/falling nuclear
contours (e.g. Viana, 1987; Falé, 1995; Cruz-Ferreira, 1998; Frota, 2000; Mata and Moniz, 2016),
and specifically to the contour H+L* L% (Viana et al., 2007). Wh- questions are also charac-
terized with a falling intonational contour (Cruz-Ferreira, 1998; Viana et al., 2007; Mata and
Moniz, 2016); Yes/No questions functioning as information requests (the most common ones
in the CORAL corpus) are associated to a Low-rising contour (H+L* LH%, Mata and Moniz,
2016); and Tag questions are associated to a Low-rising melody (Mata, 1990; Mata and Moniz,
2016). The fact that both Yes/No and Tag questions present high/rising boundary tones, and
that declarative sentences tend to present a prenuclear tone H in the first accented syllable may
explain why there are evidences for more entrainment between these types of interrogatives in
question-answer pairs than with Wh- question-answer pairs.
9.2 Experiments with different turn-initial structures
This analysis was performed only between interrogative turns, namely Yes/No and Tag
questions (both showed similar results and were therefore joined as a class to account for more
occurrences), followed by a declarative answer, and DECL-DECL turns. This selection was due
to the small amount of occurrences (less than 20) of our target structures in the beginning of
the second turn for the remaining patterns (INT-INT, DECL-INT, and Wh-DECL). As expected,
for INT-DECL turns, discourse markers and ambiguous structures also have a small amount
of occurrences, 21 and 24, respectively, and are therefore excluded from this analysis. Tables
9.2 and 9.3 show the corresponding ratio of features, with statistically significant differences
(p<0.001, and p<0.05) where speakers are more similar.
In question-answer pairs, results show that speakers entrain in a greater number of features
when the answer is an affirmative cue word (see example in the Figure 8.1, in the previous
chapter) rather than an emphatic affirmative repetition (13/4), mainly in pitch, jitter, and HNR,
or a disfluency (15/6), mainly in voiced quality features; voiced and unvoiced segments length.
As for affirmative cue words and negative answers, results are very similar, as speakers show
evidences for entrainment in a similar amount of features (13/12).
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NEG DISF EMP
AFF 13/12 15/6 13/4
EMP 15/15 10/12
DISF 12/13
Table 9.2: Ratio of features where speakers are more similar, in Tag/Yes-No - DECL turns.
Regarding DECL-DECL turns, speakers also tend to be more similar to their interlocutors
when there is an affirmative cue word than an emphatic affirmative repetition (more similari-
ties in 20 features, mainly in pitch and energy); discourse markers (45/13), ambiguous struc-
tures (32/26), both in pitch, energy, spectral parameters, and voice quality features; and dis-
fluencies (31/12), in energy, voice quality, and tempo features. Contrarily to question-answer
pairs, affirmative cue words and negative answers are not balanced in terms of the amount of
features where speakers entrain (19/11). When comparing DMs with all the other structures
analyzed, results show that this class is where speakers entrain less. As for disfluencies, there
are evidences for more entrainment only when compared with DMs (30/12). Affirmative em-
phatic, ambiguous structures and negative answers show more entrainment than disfluencies
in the majority of the features. Therefore, entrainment is stronger when the second turn be-
gins with an affirmative cue word (see example in the Figure 9.1), both with a declarative and
an interrogative context, less strong with ambiguous structures, emphatic affirmative repeti-
tions, and negative answers; and scarce with disfluencies (see example in the Figure 9.2) and
discourse markers. These different degrees of local entrainment may be related with the infor-
mative structure of these events. In our data, affirmative cue words have multiple pragmatic
functions, like expressing feedback or acting as a backchannel. Regardless of their function,
they contribute to the fluidity of the dialogue and signal the collaborative nature of the cor-
pus. On the other hand, both discourse markers and filled pauses are generally defined as
syntactically detached structures with no propositional content, that share acoustic-prosodic
properties according to their pragmatic context: discourse markers that have a function sim-
ilar to filled pauses, like stalling, may share with them some properties, meaning the plateau
contours contrasting with the rises in the following prosodic constituents.
NEG DISF DM AMB EMP
AFF 19/11 31/12 45/13 32/26 20/9
EMP 16/16 26/8 29/10 12/22
AMB 16/10 22/7 49/10
DM 8/30 12/30
DISF 11/23
Table 9.3: Ratio of features where speakers are more similar, in DECL-DECL turns.
To summarize, in our data, entrainment is influenced by the SU types and by the structures
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Figure 9.1: Example of entrainment with an affirmative cue word in the beginning of the second
turn, between speakers s17-s18: ’It’s some sort of castle. Right.’.












Figure 9.2: Example of non entrainment with a disfluency in the beginning of the second turn,
between speakers s4-s8: ’Do you know where the houses are? %aa Yes.’.
86CHAPTER 9. ACOUSTIC-PROSODIC ENTRAINMENT IN STRUCTURAL METADATA EVENTS
that occur turn-initially: speakers tend to be more similar to their partners at turn-exchanges
in question-answer pairs, showing more entrainment in a greater number of features, than
with any other of the patterns analyzed; and also entrain more when a turn begins with an
affirmative cue word than with a disfluency or a discourse marker.
9.3 Summary
In this chapter, we investigated how distinct structural metadata events, namely types of
SU in consecutive turns (e.g. interrogatives followed by declaratives, or both declaratives),
and the presence of discourse markers, affirmative and negative cue words, and disfluencies
(filled pauses) in the beginning of turns, influence the acoustic-prosodic adaptation between
speakers.
Considering local entrainment between distinct SU types, question-answer pairs are the
ones with stronger similarity in the majority of the pitch, energy, duration, and voice quality
features, and declarative-interrogative pairs are the ones where less entrainment occurs. As
for the subtypes of interrogatives in question-answer pairs, with Yes/No and Tag questions
there are stronger evidences for entrainment than with Wh- questions. The first two share a
high/rising boundary tone, opposed to the low/falling nuclear contour of Wh- questions, a
contour similar to neutral declaratives in EP. Moreover, Yes/No questions have no associated
lexical-syntactic cues in Portuguese, only prosodic, an evidence more for their contribution for
the local entrainment found. These results were expected given the collaborative nature of the
corpus, as speakers work together to complete the task.
In line with what has been said for SU, the stronger local entrainment occurs with affir-
mative cue words. This structure is an evidence more of the collaborative effort between the
interlocutors to solve the task. On the other hand, disfluencies and discourse markers are
the structures showing less degree of entrainment. A possible explanation is the fact that
when speakers utter disfluencies and discourse markers they are planning what to say next
or stalling. The stalling patterns in EP are plateaus distinguishable from the prosodic patterns
of other linguistic structures.
10Conclusions
This thesis, produced under the scope of Computational Linguistics, is the result of a
straight cooperation between linguistics and engineering. It focused on two linguistic aspects
of spontaneous speech in EP, entrainment and discourse markers. At first sight, these topics
may seem unrelated, but, ultimately, our goal was to analyze entrainment in a new and dif-
ferent perspective. We aimed not only to verify if there were evidences of similarities between
speakers in spontaneous speech, but also test if speakers entrained more with specific struc-
tures used for managing and structuring dialogues. For the available corpora, several struc-
tural metadata events, such as disfluencies and punctuation marks, had already been studied,
in order to improve the automatic transcripts for the ASR tool, lacking only discourse markers
to complete the set of structural metadata events in our data. Therefore, we first conducted
several experiments to understand the distribution of discourse markers in EP dialogues and
to distinguish them from other structural metadata events. Then, we focused in identifying
and measuring entrainment cues displayed in the dialogues (both global and local), also con-
sidering social variables, such as role, gender, familiarity and interlocutor effect. Finally, the
two topics were merged in order to verify if entrainment was influenced by different structural
metadata events.
One of the main contributions of this thesis concerns the linguistic and automatic analysis
of unexplored topics in EP spontaneous speech. This study follows an acoustic-prosodic per-
spective, with the use of distinct sets of features, and involved corpora from different domains,
namely dialogues, lectures, and also tweets.
10.1 Main contributions
10.1.1 Discourse Markers
The study of discourse markers aimed, first, to describe these structures in different do-
mains in EP, namely university lectures, map-task dialogues, and a collection of tweets. A
data-driven approach led us to determine as our target structures turn-initial discourse mark-
ers, that were also syntactically detachable, and had no propositional content.
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Our first goal was to analyze the distributional patterns of discourse markers in the various
domains. Results showed that the selection of discourse markers are domain and speaker
dependent: even in the same corpus, some speakers tend to use the same discourse marker
as others vary amongst several structures. We also found that the most frequent discourse
markers are similar in all the corpora. However, in the collection of tweets there are discourse
markers that do not occur in the other two corpora. These are discourse markers typically used
in more informal contexts, and are clearly written by teenagers and young adults. Moreover,
we also observed that discourse markers and disfluencies tend to co-occur in the dialogue
corpus, but have a complementary distribution in the university lectures. This distribution
can be explained by the nature of the corpora. On one hand, the dialogues did not have any
pre-planning and the interactions between participants are faster, quite dynamic, and under
temporal constraints. On the other, the teachers are skilled professionals, which may explain
why after using the beginning of the utterance with a discourse marker, they do not feel the
need to produce a disfluency.
For each marker, we extracted different sets of acoustic-prosodic features (IS13, GeMAPS,
and eGeMAPS), and applied distinct machine learning experiments to distinguish them from
other structural metadata events (SUs and disfluencies), considering only their prosodic be-
havior. Results showed that the in-domain experiments achieved an accuracy of about 87% in
university lectures and 84% in dialogues, in line with previous studies (Cabarrão et al., 2015).
The GeMAPS, and especially the eGeMAPS features, achieved good performance on our
data. Results also suggest that turn-initial discourse markers are usually easier to classify
than disfluencies. The multiclass experiments were performed also in a cross-domain evalua-
tion, in order to evaluate how robust the models are across domains. As expected, the results
are less expressive than when in-domain data is used (about 11%-12% lower). Nonetheless,
data from one domain can still be used to classify metadata events in the other. These results
allow us to hypothesize that it will be possible to classify discourse markers in out-of-domain
data.
In order to better understand the contribution of each feature, we have also analyzed the
impact of the acoustic-prosodic features both in dialogues and university lectures. Pitch fea-
tures, namely pitch slopes, are the most relevant ones for the distinction between discourse
markers and disfluencies.
Overall, despite the complexity of this task, these are very encouraging state-of-the-art
results for multiclass classification. Both discourse markers and disfluencies are described in
the literature as sharing some properties (Goldwater et al., 2010; Liu et al., 2006). Ultimately,
using exclusively acoustic-prosodic cues, discourse markers can be fairly discriminated from
disfluencies and SUs.
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10.1.2 Entrainment
To the best of our knowledge, this study is the first one to analyze entrainment in EP spon-
taneous speech. Using statistical tests based on several entrainment metrics, we searched for
evidences of global (all dialogues) and local (turn-by-turn) entrainment in the dialogue corpus
(CORAL). Moreover, we also correlated entrainment with social variables and structural meta-
data events. Results showed evidences of both global and local entrainment in the four main
acoustic-prosodic features, pitch, energy, duration, and voice quality.
Globally, speakers show evidences of entrainment in duration measures. In this feature,
speakers are more similar to their interlocutors than they are to speakers with whom they
had never spoken to. A stronger evidence for entrainment is the fact that speakers are also
more similar to their partners than they are with their own speech in pitch, duration and voice
quality features, but not in energy. These results support the fact that all prosodic parameters
are monitored by the speakers in our corpus, contrarily to studies for English, which indicate
that the main cues are energy related (Levitan, 2014).
Regarding social variables, almost all the pairs of speakers display cues of global entrain-
ment, even though in different degrees: speakers entrain but in distinct features with distinct
interlocutors. Entrainment seems to depend on the speakers per se, but not on their role (10
speakers entrain with the same interlocutors regardless they are playing the role of giver or
follower), gender, and familiarity.
Locally, there are strong statistically evidences that speakers entrain in the majority of the
acoustic-prosodic features (85 out of 88 features). These results reinforce the ones found for
global entrainment, since speakers match their interlocutors at turn-exchanges in pitch, energy,
duration, and voice quality features. Again, these results are not in line with a similar analysis
performed for English (Levitan, 2014), as speakers matched with each other locally mainly in
intensity features, but not in pitch. Our results tend to approach the ones found for Mandarin
Chinese, at least regarding pitch features (Levitan, 2014). These findings may lead us to hy-
pothesize that features like energy may be language independent, at least in similar corpora,
but not pitch. The experiments conducted so far show that acoustic-prosodic behavior of local
entrainment in EP spans from energy to all the other prosodic parameters.
For local entrainment, another level of analysis is presented, focusing on how distinct struc-
tural metadata events influence the acoustic-prosodic adaptation between speakers. Our target
structures were types of SUs in consecutive turns (declaratives and interrogatives), and the
presence of discourse markers, affirmative and negative cue words, disfluencies, and empathic
affirmative repetitions in the beginning of the second turn. Between distinct SU types, results
show that question-answer pairs are the ones with stronger similarity in the main types of fea-
tures, and that declarative-interrogative are the pairs where less entrainment occurs. These
results were expected given the collaborative nature of the corpus, with speakers interacting
with the common goal of completing the map. Considering the subtypes of interrogatives
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in question-answer pairs, there are stronger evidences for entrainment with Yes/No and Tag
questions than with Wh- questions. The first two share a high/rising boundary tone, opposed
to the low/falling nuclear contour of Wh- questions, a contour similar to neutral declaratives
in EP. Moreover, Yes/No questions have no associated lexical-syntactic cues in Portuguese,
only prosodic, an evidence more for their contribution for the local entrainment found. The
fluidity of a dialogue is built upon several strategies and our data shows that the structures
evidencing stronger local entrainment are the ones more prone to show collaboration and
feedback. Therefore, it was expected that question-answer pairs were the ones showing more
entrainment.
The experiments with different turn-initial structures revealed that local entrainment is
stronger with affirmative cue words, both with a declarative and an interrogative context, less
strong with ambiguous structures, emphatic affirmative repetitions, and negative cue words;
and scarce with disfluencies and discourse markers. These different degrees of local entrain-
ment may be related with the informative structure of these events. In our data, affirmative cue
words have multiple pragmatic functions, like expressing feedback or acting as a backchannel.
Regardless of their function, they contribute to the fluidity of the dialogue. On the other hand,
both discourse markers and filled pauses are mainly associated with the pragmatic context of
stalling and/or planning what to say next, thus there are less evidences for entrainment with
the previous turns.
Similarly to global and local similarities, regarding structural metadata events, results also
point to degrees of entrainment, thus showing that speaker similarities are not independent
of the turn types and structures uttered in the beginning of the second turn.
10.2 Limitations of this work
One of the main limitations of this work is the absence of more speech annotated corpora
for EP, both for the analysis of discourse markers and entrainment. Specifically for entrainment,
we could not address the age and regional variatons of the speakers in the CORAL corpus. It
would also be interesting, if enough data were available, to analyze how entrainment varies
across different domains, (e.g., non-collaborative tasks), different age groups, and different
regions. In particular, it would be very relevant to address entrainment for different varieties
of Portuguese.
For discourse markers, due to time constraints and to the fact that this topic was addressed
in order to be included in the analysis of entrainment, we were not able to perform a more
fine-grained linguistic analysis. This would include the study of the morpho-syntactic features
of the discourse markers, as well as paralinguistic events, such as laughs, nodding, and hand
gestures. We would also tackle the cross-language analysis of discourse markers, in order to
verify how specific or universal is their behavior.
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10.3 Future work
In the near future, we expect to continue and extend the work presented in this thesis,
focusing on the role acoustic-prosodic plays in entrainment in EP with different structures and
in distinct domains.
In a linguistic perspective, a possible path to follow regarding discourse markers and af-
firmative/negative cue words would be a more exhaustive analysis of their most prominent
acoustic-prosodic features, as well as their adjacent prosodic contexts, to understand their rel-
evance in entrainment. Moreover, in order to correlate entrainment with the informational
structure of dialogues, it would be worth to explore their pragmatic functions, in order to ob-
serve if entrainment between speakers is more prone to occur with specific discourse functions.
We also intend to do a more exhaustive analysis of the most prominent acoustic-prosodic
features and to develop a tonal analysis of the discourse markers and adjacent prosodic con-
texts, to understand the relevance of the discourse marker in the classification process. More-
over, we also aim to include discourse markers in the language models for EP already trained
with other structural metadata events, which will result in enriched automatic transcriptions,
and to integrate the classifiers in spoken dialogue systems.
Another perspective would be to analyze entrainment across domains. As mentioned be-
fore, the corpus used in this study is characterized by its collaborative nature. Speakers have a
common goal, to complete a map, and work together to complete the task with success. After
finding evidences of entrainment in EP in this data, we would also aim at understanding if en-
trainment occurs in different domains, in the same acoustic-prosodic features as the map-task
dialogues, and with the same structures. Our main idea is to analyze entrainment in a corpus
where speakers do not always collaborate, namely a corpus of call-center phone calls, provided
by a non-technical support service in Portugal. Following the line of investigation presented in
this work, we aim at identifying specific structures where operators and clients tend to entrain
more or, in the other hand, disentrain. Discourse markers, affirmative/negative cue words, and
disfluencies are very frequent structures in a corpus of mainly question-answer pairs. In this
corpus, where most clients are complaining about the service or want to change their account
configurations, it would pose an interesting research question to find out which strategies the
operators use to maintain the flow of the conversation or, when the client is very upset, how an
operator manages to avoid entraining with the client in that angry state, and makes the client
entrain with him/her instead in a more neutral state. In this scenario, it is also very important
to explore how (dis)entrainment correlates with personality traits and the emotional state of
the speakers.
Entrainment, in general, and entrainment with specific structures, in particular, are topics
of interest in spoken dialogue systems, education contexts (learn to connect with the inter-
locutor), and affective computing for service-customer relations, for example. The findings
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described in this study may contribute to a larger analysis of these topics and to their imple-
mentation in real life interactions and services.
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AFeature sets: GeMAPS,eGeMAPS, and KB
The following Tables shows the GeMAPS, eGeMAPS, and KB feature sets, respectively.
1 F0semitoneFrom27.5Hz_sma3nz_amean 32 F1frequency_sma3nz_stddevNorm
2 F0semitoneFrom27.5Hz_sma3nz_stddevNorm 33 F1bandwidth_sma3nz_amean
3 F0semitoneFrom27.5Hz_sma3nz_percentile20.0 34 F1bandwidth_sma3nz_stddevNorm
4 F0semitoneFrom27.5Hz_sma3nz_percentile50.0 35 F1amplitudeLogRelF0_sma3nz_amean
5 F0semitoneFrom27.5Hz_sma3nz_percentile80.0 36 F1amplitudeLogRelF0_sma3nz_stddevNorm
6 F0semitoneFrom27.5Hz_sma3nz_pctlrange0_2 37 F2frequency_sma3nz_amean
7 F0semitoneFrom27.5Hz_sma3nz_meanRisingSlope 38 F2frequency_sma3nz_stddevNorm
8 F0semitoneFrom27.5Hz_sma3nz_stddevRisingSlope 39 F2amplitudeLogRelF0_sma3nz_amean
9 F0semitoneFrom27.5Hz_sma3nz_meanFallingSlope 40 F2amplitudeLogRelF0_sma3nz_stddevNorm
10 F0semitoneFrom27.5Hz_sma3nz_stddevFallingSlope 41 F3frequency_sma3nz_amean
11 loudness_sma3_amean 42 F3frequency_sma3nz_stddevNorm
12 loudness_sma3_stddevNorm 43 F3amplitudeLogRelF0_sma3nz_amean
13 loudness_sma3_percentile20.0 44 F3amplitudeLogRelF0_sma3nz_stddevNorm
14 loudness_sma3_percentile50.0 45 alphaRatioV_sma3nz_amean
15 loudness_sma3_percentile80.0 46 alphaRatioV_sma3nz_stddevNorm
16 loudness_sma3_pctlrange0_2 47 hammarbergIndexV_sma3nz_amean
17 loudness_sma3_meanRisingSlope 48 hammarbergIndexV_sma3nz_stddevNorm
18 loudness_sma3_stddevRisingSlope 49 slopeV0_500_sma3nz_amean
19 loudness_sma3_meanFallingSlope 50 slopeV0_500_sma3nz_stddevNorm
20 loudness_sma3_stddevFallingSlope 51 slopeV500_1500_sma3nz_amean
21 jitterLocal_sma3nz_amean 52 slopeV500_1500_sma3nz_stddevNorm
22 jitterLocal_sma3nz_stddevNorm 53 alphaRatioUV_sma3nz_amean
23 shimmerLocaldB_sma3nz_amean 54 hammarbergIndexUV_sma3nz_amean
24 shimmerLocaldB_sma3nz_stddevNorm 55 slopeUV0_500_sma3nz_amean
25 HNRdBACF_sma3nz_amean 56 slopeUV500_1500_sma3nz_amean
26 HNRdBACF_sma3nz_stddevNorm 57 loudnessPeaksPerSec
27 logRelF0_H1_H2_sma3nz_amean 58 VoicedSegmentsPerSec
28 logRelF0_H1_H2_sma3nz_stddevNorm 59 MeanVoicedSegmentLengthSec
29 logRelF0_H1_A3_sma3nz_amean 60 StddevVoicedSegmentLengthSec
30 logRelF0_H1_A3_sma3nz_stddevNorm 61 MeanUnvoicedSegmentLength
31 F1frequency_sma3nz_amean 62 StddevUnvoicedSegmentLength
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1 F0semitoneFrom27.5Hz_sma3nz_amean 45 F1amplitudeLogRelF0_sma3nz_amean
2 F0semitoneFrom27.5Hz_sma3nz_stddevNorm 46 F1amplitudeLogRelF0_sma3nz_stddevNorm
3 F0semitoneFrom27.5Hz_sma3nz_percentile20.0 47 F2frequency_sma3nz_amean
4 F0semitoneFrom27.5Hz_sma3nz_percentile50.0 48 F2frequency_sma3nz_stddevNorm
5 F0semitoneFrom27.5Hz_sma3nz_percentile80.0 49 F2bandwidth_sma3nz_amean
6 F0semitoneFrom27.5Hz_sma3nz_pctlrange0_2 50 F2bandwidth_sma3nz_stddevNorm
7 F0semitoneFrom27.5Hz_sma3nz_meanRisingSlope 51 F2amplitudeLogRelF0_sma3nz_amean
8 F0semitoneFrom27.5Hz_sma3nz_stddevRisingSlope 52 F2amplitudeLogRelF0_sma3nz_stddevNorm
9 F0semitoneFrom27.5Hz_sma3nz_meanFallingSlope 53 F3frequency_sma3nz_amean
10 F0semitoneFrom27.5Hz_sma3nz_stddevFallingSlope 54 F3frequency_sma3nz_stddevNorm
11 loudness_sma3_amean 55 F3bandwidth_sma3nz_amean
12 loudness_sma3_stddevNorm 56 F3bandwidth_sma3nz_stddevNorm
13 loudness_sma3_percentile20.0 57 F3amplitudeLogRelF0_sma3nz_amean
14 loudness_sma3_percentile50.0 58 F3amplitudeLogRelF0_sma3nz_stddevNorm
15 loudness_sma3_percentile80.0 59 alphaRatioV_sma3nz_amean
16 loudness_sma3_pctlrange0_2 60 alphaRatioV_sma3nz_stddevNorm
17 loudness_sma3_meanRisingSlope 61 hammarbergIndexV_sma3nz_amean
18 loudness_sma3_stddevRisingSlope 62 hammarbergIndexV_sma3nz_stddevNorm
19 loudness_sma3_meanFallingSlope 63 slopeV0_500_sma3nz_amean
20 loudness_sma3_stddevFallingSlope 64 slopeV0_500_sma3nz_stddevNorm
21 spectralFlux_sma3_amean 65 slopeV500_1500_sma3nz_amean
22 spectralFlux_sma3_stddevNorm 66 slopeV500_1500_sma3nz_stddevNorm
23 mfcc1_sma3_amean 67 spectralFluxV_sma3nz_amean
24 mfcc1_sma3_stddevNorm 68 spectralFluxV_sma3nz_stddevNorm
25 mfcc2_sma3_amean 69 mfcc1V_sma3nz_amean
26 mfcc2_sma3_stddevNorm 70 mfcc1V_sma3nz_stddevNorm
27 mfcc3_sma3_amean 71 mfcc2V_sma3nz_amean
28 mfcc3_sma3_stddevNorm 72 mfcc2V_sma3nz_stddevNorm
29 mfcc4_sma3_amean 73 mfcc3V_sma3nz_amean
30 mfcc4_sma3_stddevNorm 74 mfcc3V_sma3nz_stddevNorm
31 jitterLocal_sma3nz_amean 75 mfcc4V_sma3nz_amean
32 jitterLocal_sma3nz_stddevNorm 76 mfcc4V_sma3nz_stddevNorm
33 shimmerLocaldB_sma3nz_amean 77 alphaRatioUV_sma3nz_amean
34 shimmerLocaldB_sma3nz_stddevNorm 78 hammarbergIndexUV_sma3nz_amean
35 HNRdBACF_sma3nz_amean 79 slopeUV0_500_sma3nz_amean
36 HNRdBACF_sma3nz_stddevNorm 80 slopeUV500_1500_sma3nz_amean
37 logRelF0_H1_H2_sma3nz_amean 81 spectralFluxUV_sma3nz_amean
38 logRelF0_H1_H2_sma3nz_stddevNorm 82 loudnessPeaksPerSec
39 logRelF0_H1_A3_sma3nz_amean 83 VoicedSegmentsPerSec
40 logRelF0_H1_A3_sma3nz_stddevNorm 84 MeanVoicedSegmentLengthSec
41 F1frequency_sma3nz_amean 85 StddevVoicedSegmentLengthSec
42 F1frequency_sma3nz_stddevNorm 86 MeanUnvoicedSegmentLength
43 F1bandwidth_sma3nz_amean 87 StddevUnvoicedSegmentLength
44 F1bandwidth_sma3nz_stddevNorm 88 equivalentSoundLevel_dBp
eGeMAPS
107
1 dur_speech_with_internal_silences
2 dur_speech_without_internal_silences
3 pmax
4 pmin
5 pmax_pmin_diff
6 pavg_norm
7 pmed_norm
8 pstdev_norm
9 pslope_norm
10 emax
11 emin
12 emax_emin_diff
13 eavg
14 emed
15 estdev
16 eslope_norm
17 articulation_rate_phone_with_disfl
18 rate_of_speech_phone_with_disfl
19 phonation_ratio_with_disfl
20 articulation_rate_syl_with_disfl
21 rate_of_speech_syl_with_disfl
KB
